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STARTECH 



SEMICONDUCTOR, INC. 



President's Message 



To our valued customer: 



Startech Semiconductor was founded In 1990, with the charter to design, manufacture and market high 
performance data communication peripheral products in both the commercial and industrial semiconductor 
maricets. Since then, Startech continues to follow that charter and enjoys a rapid growth. 

Startech's products are mariceted and distributed through a worid-class network of representatives and 
distributors. 

At Startech, we are dedicated to keeping your designs competitive with leading edge solutions. All our products 
are low power, high performance, CMOS ICs. Our commitment to you is to provide you with high quality and 
reliable ICs. 




Ram K. Reddy 



ill 



Introduction 



President 
Dear customer, 

Startech Semiconductor is proud to present you with our updated January, 94 Data Book. Startech's technical 
staff have worked together to provide you with the most accurate, up-to-date information. 

We believe that when you design our products in your systems, you have started a partnership with a company 
that is committed to work with the customers and deliver quality products. Startech offers to customize any of 
these standard products to meet your special requirements. 

If you have any questions or comments, please call us directly. 
Startech Semiconductor Technical Staff 




Art Khachaturian 
Vice President 
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STARTECH ST49C064 



Printed February 23, 1994 

PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR 



GENERAL DESCRIPTION 



SOIC Package 



The ST49C064 is a monolithic analog CMOS device 
designed to generate dual frequency outputs from 
fifteen possible combinations for video Dot clock 
frequencies and eight memory clock frequencies for 
high performance video display systems. The 
ST49C064 is a mask option programmable device to 
provide different output frequencies for custom appli- 
cations. It is designed with 1 .2\i process to achieve 
1 30 MHz speed for high end frequencies. 
The ST49C064 is designed to replace existing video 
clocks generated from individual oscillators, to reduce 
board space and number of oscillators. To provide 
high speed and low jitter clock, The ST49C064 utilizes 
high speed analog CMOS phase locked loop using 
14.318 MHz system clock as reference clock (refer- 
ence clock can be changed to generate optional 
frequencies from standard programmed device). 
The ST49C064 can provide optional clock frequen- 
cies, utilizing single layer metal mask option. The 
programmed clock outputs are selectable via four 
address lines and address latch enable pin for video 
Dot clock selection and three address lines for 
memory clock selection. 
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FEATURES 



• Can replace multiple oscillators/crystals 

• Pin -to-pin compatible to ICS90C64 

• Programmable analog phase locked loop 

• High speed (up to 130 MHz output) 

• Low power single 5V CMOS technology 

• 20 pin dip / SOIC / PLCC packages 

• Compatible with Westem Digital Imaging Video 
Graphics Array clock requirements. 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C064CP20-XX Plastic-DIP 0° C to +70** C 
ST49C064CF20-XX SOIC 0° C to +70° C 

ST49C064CJ20-XX PLCC 0** C to +70" C 



PLCC Package 
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BLOCK DIAGRAM 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


CLK 


1 


1 


External 14.318 MHz system reference clock input. 


MA2 


2* 


1 


Memory clock Frequency select address 3. 


EXCLK 


3* 


1 


External clock input. For additional clock frequency. 


A1 


4* 


1 


Dot clock Frequency select address 2. 


AO 


5* 


1 


Dot clock Frequency select address 1 . 


LEN* 


6* 


1 


Address latch enable input (active low). To latch selected 
programmed clock output. 


A2 


7* 


1 


Dot clock Frequency select address 3. 


A3 


8* 


1 


Dot clock Frequency select address 4. 


MAO 


9* 


1 


Memory clock Frequency select address 1 . 


DGND 


10 





Digital ground. 


MA1 


11* 


1 


Memory clock Frequency select address 2. 


MCLK 


12 


o 


Programmed memory clock output frequency. 


N.C. 


13 




No connect. 


MCLKE 


14* 


1 


MCLK output enable. 


AVCC 


15 


1 


Analog supply voltage. Single +5 volts. 


AGND 


16 


o 


Analog ground. 


N.C. 


17 




No connect. 


DCLKE 


18* 


1 


DCLK output enable. 


DCLK 


19 


o 


Programmed video clock output frequency. 


DVCC 


20 


1 


Digital supply voltage. Single +5 volts. 



* Have internal pull-up resistors on inputs 
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ST49C064 
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GENERAL INFORMATION 

The ST49C064 Is programmed to generate 15 differ- 
ent video clock frequencies using the A0-A3 Inputs 
and 8 different memory frequencies using M0-M2 
inputs. The address lines A2-A3 can be connected to 
video controller like Western Digital Imaging VGA 
controllers. Address lines AO and A1 are latched with 
LEN* pin which is generated from video controllers to 
select proper Dot clock output. All inputs to the 
ST49C064 contain internal pull-up resistors including 
CLK and EXCLK inputs. 

The EXCLK is additional input that may be internally 
connected to the DCLK output. The additional input is 
useful for supporting modes that require frequencies 
not provided by the ST49C064. 

FREQUENCY SELECT CALCULATION 

The ST49C064 contains an analog phase locked loop 
circuit with a digital closed loop divider and a final 
series divider to achieve desired dividing ratios for 
clock output. 

The accuracy of the frequencies produced by the 
ST49G064 depends on the input frequency and final 
output frequency. The formula for calculating the 
exact output frequency is as follows: 

DCLK = (Reference clock) X (A/B.C) 
MCLK = (Reference clock) X (A/B.C) 



MASK OPTIONS 

The following mask options are provided for custom 
applications. 

* Any frequency can be in any decoding position. 

* DCLK, can control selection of the internal frequen- 
cies. 



where A=1,2,3 127, 

8=1,2,3 127, and 

C=1,2,4 



For proper output frequency, the ST49C064 can ac- 
cept reference frequency from 5 - 40 MHz and divider 
ratio up to 15. 
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ST49C064 



ABSOLUTE MAXIMUM RATINGS 

7 Volts 

GND-0.3 V to VCC+0.3 V 
0" C to +70° C 
-40° C to +150° C 
500 mW 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, \/^=5.Q \/ ± 5% unless otherwise specified. 



Symbol 


Parsimeter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Input low level 






0.8 


V 






Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iql = 8.0 mA 




Output high level 


2.4 






V 


1^^ = 8.0 mA 




Input low current 






-350 


mA 




l,H 


Input high current 






1 




V||sj=Vcc 




Operating current 




20 


30 


mA 


No load. 












DCLK=80MHz, 
MCLK=40MHz 




Internal pull-up resistance 


15 


20 


25 
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ST49C064 



AC ELECTRICAL CHARACTERISTICS 



1^=25° C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














T, 


Enable pulse width 


20 






ns 






Setup time data to enable 


20 






ns 




T3 


Hold time to data enable 


10 






ns 






Rise time 




1 


1.5 


ns 


0.8V - 2.0V 


T= 


Fall time 




1 


1.5 


ns 


2.0V - 0.8V 




Duty cycle 


40 


48/52 


60 


% 


1.4V switch point 


T, 


Duty cycle 


45 


48/52 


55 


% 


VcG/2 switch point 




Jitter 




±85 


±100 


ps 




Ts 


Input frequency 


14.318 




32 


MHz 




T3 


Input clock rise time 






20 


ns 






Input clock fall time 






20 


ns 




T„ 


Output frequency change 




0.005 




% 
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TIMING DIAGRAM 
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ST49C064 
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33.000 
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44.296 


4 




1 








41.612 




5 




1 





1 
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Compatible with ICS9064 AV9064 

Video Controller WD90C30 WD90C30 
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STARTECH 



ST49C101 



Printed February 23, 1994 

PREPROGRAMMED HIGH SPEED FREQUENCY MULTIPLIER 



DESCRIPTION 



The ST49C101 is a mask programmable monolithic 
analog CMOS device, designed to replace existing 
high frequency crystal/oscillator with single low fre- 
quency crystal. The ST49C101 provides high speed 
and low jitter clock output. 

ST49C101 is designed in a 1.2|x process to achieve 
150 MHz speed for high end frequencies. 



SOIC Package 




Dip Package 



FEATURES 



• Can replace expensive high frequency oscillator. 

• Programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• 8 pin DIP or SOIC package. 

• Crystal oscillator circuit on board 
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TSSOP Package 



ORDERING INFORMATION 



Part number 
ST49C101CP8 
ST49C101CF8 
ST102XCT8 



Package Operating temperature 
Plastic-DIP ° C to +70° C 
SOIC 0" C to +70** C 

TSSOP 0° C to +70" C 
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BLOCK DIAGRAM 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Typo 


Pin Description 


XTAL1 


1 


1 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 1 0.00 MHz clock, XTAL2 
is left open or used as buffered clock output. 


OE 


2* 


1 


Clock Output Enable (Active high). CLOCK output is three 
stated when this pin is low. 


AGND 


3 





Analog ground. 


DGND 


4 


o 


Digital ground. 


CLOCK 


5 


o 


Programmed output clock. 


DVCC 


6 


1 


Positive supply voltage. Single +5 volts. 


AVCC 


7 


1 


Analog supply voltage. Single +5 volts. 


XTAL2 


8 


o 


Crystal output. 



* Has internal pull-up resistor 



EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047pF capacitor to XTAL1 , and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



CLOCK = (Reference clock) X 2A/(B.C) 



where 



A=5, 6, 7 128 

B=5. 6, 7 128 

C=1,2,4 



FREQUENCY SELECT CALCULATION 

The ST49C1 01 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output divider to achieve the desired dividing ratios for 
the clock output. 

The accuracy of the frequencies produced by the 
ST49C101 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 



For proper output frequency, the ST49C101 can ac- 
cept a reference frequency from 5 - 40 MHz and 
divider ratio up to 15. 

Preprogrammed options: 



eT49C101-X 


R0f. frequen<:y 


Output froqqoncy 


ST49C101-01 
ST49C101-02 


8.33 MHz 
10 MHz 


100 MHz 
132 MHz 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40** C to +150" C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° G, V^=5.0 V ±5% unless othen/vise specified. 



Symbol 






Limits 




Units 


Conditions 






Mtn 


Typ 


Max 














v„ 


Input low level 






0.8 


V 




V,H 


Input high level 


2.0 






V 




Vol 


Output low level 






0.5 


V 


loL= 8.0 mA 


^OH 


Output high level 


2.8 






V 


1^^ = 8.0 mA 


l,L 


Input low current 






-100 


mA 


Pin 2 only 


l,H 


Input high current 






1 


mA 


V|is4=Vcc Pin 2 


'cc 


Operating current 




20 


30 


mA 


No load. 












CLOCK=1 20MHz 




Input pull-up resistance 


50 


75 


100 


KQ 





AC ELECTRICAL CHARACTERISTICS 

7^=25" C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mtn 


Typ 


Max 
















CLOCK rise time 




1 


1.5 


ns 


Load=50Q0.5V- 
2.8V 




CLOCK fall time 




1 


1.5 


ns 


Load=50a2.8V- 
0.5V 


t; 


Duty cycle 


40 


48/52 


60 


% 


1.4V switch point 




Duty cycle 


45 


48/52 


55 


% 


VCC/2 switch point 


T3 


Jitter 




±85 


±100 


PS 




T 


Input frequency 


5 


10 


40 


MHz 






CLOCK frequency change 




0.01 




% 
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TIMING DIAGRAM 



CLOCK 



\4- 



V 

/l 



— 



T5 



T4 



-T2 



T6 



■I 



N-T3 
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STARTECH ST49C104 



Printed February 23, 1994 

PREPROGRAMMED FREQUENCY GENERATOR 



DESCRIPTION 



SOIC Package 



The ST49C103 and ST49C104 are mask program- 
mable monolithic analog CMOS devices designed to 
generate up to 8 single frequency outputs from a 
single input clock. The ST49C104 will provide eight 
different output frequencies and the ST49C103 will 
provide four different output frequencies. They are 
designed in a 1 .2|x process to achieve 130 MHz speed 
for high end frequencies. 

The ST49C103 and ST49C104 are designed to re- 
place existing video clocks generated from individual 
oscillators in order to reduce board space and number 
of oscillators. To provide high speed and low jitter 
clock, the parts utilize a high speed analog CMOS 
phase locked loop using 1 4.31 8 MHz system clock as 
the reference clock (note that reference clock can be 
changed to generate optional frequencies from a 
standard programmed device). The programmed 
clock outputs are selectable via three address lines 
and address latch enable pin. The ST49C104 also 
includes a power on reset circuit which will cause the 
select logic to select the frequency at address "000" 
upon power up. The latch enable pin is also mask 
programmable to be active high, active low or rising or 
falling edge sensitive. 



A1 


K 






AO 


A2 


H 




Hi 


N.C. 


LEN 


K 






AVCC 


AGND 


E 






DVCC 


DGND 




i 




CLKO 


XTAL1 


H 




CLK2 


XTAL2 


E 




2 


CLKI 



Plastic-DIP package 



FEATURES 



• Can replace up to 8 oscillators/crystals and a 
multiplexer 

• Pin-to-pin compatible to Avasem AV91 03/1 04 

• Programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• 8 or 14 pin DIP or SOIC package. 



ORDERING INFORMATION 



A1 


E 




3 


AO 


A2 


E 






N.C. 


LEN 


E 






AVCC 


AGND 


E 






DVCC 


DGND 


E 


1 

(0 




CLKO 


XTAL1 


E 






CLK2 


XrAL2 


E 




U 


CLK1 



Part number 


Package 


Operating temperature 


ST49C103CP8 


Plastic-DIP 


0^ 


c 


to 


+70** 


C 


ST49C103CF8 


SOIC 


0" 


c 


to 


+70° 


C 


ST49C104CP8 


Plastic-DIP 


0° 


c 


to 


+70" 


C 


ST49C104CF8 


SOIC 


0° 


c 


to 


+70'' 


C 


ST49C104CP14 


Plastic-DIP 


o** 


c 


to 


+70^* 


C 


ST49C104CF14 


SOIC 


0° 


c 


to 


+70** 


C 
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CO BLOCK DIAGRAM 
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DETECTOR 



VOLTAGE 
CONTROLLED 
OSCILLATOR 



XTAL1 
XTAL2 



4 



PROGRAMMABLE 
DIVIDER A 



OSCILLATOR 



SELECT 
LOGIC 



TT 



DIVIDER 
C 



4 



OUTPUT MUX 



CLK1 
CLK2 
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SyiDl^o] 


Pin 


Signal Typ^ 


Pin Description 


A1 


1 


1 


Frequency select address input 2. 


A2 


2* 


1 


Frequency select address input 3. 


LEN 


3* 


1 


Address latch enable input. To latch selected programmed 
clock output. 


AGND 


4 


o 


Analog ground. 


DGND 


5 


o 


Digital ground. 


XTAL1 


6 


1 


Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate intemal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


7 


o 


Crystal output. 


CLK1 


8 


1 


External clock 1 input. 


CLK2 


9 


1 


External clock 2 input / output select. 


CLKO 


10 





Programmed output clock. 


DVCC 


11 


1 


Digital supply voltage. Single +5 volts. 


AVCC 


12 


1 


Analog supply voltage. Single +5 volts. 


N.C. 


13 






AO 


14 


1 


Frequency select address input 1 . 



* Have intemal pull-up resistors on inputs. 
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Symbol 


Pin 


Signal Type 


Pin Description 


A1 


1 


1 


Frequency select address input 2. 


A2 


2* 


1 


Frequency select address input 3. 


GND 


3 


O 


Digital ground. 


EXCLK 


4 


1 


External clock input. Internal phase locked loop reference 
clock . 


CLKO 


5 





Programmed output clock. 


VCC 


6 


1 


Digital supply voltage. Single +5 volts. 


N.C. 


7 






AO 


8 


1 


Frequency select address input 1 . 



* Has internal pull-up resistor on input 



A1 


[1 




3 


AO 


A2 


H 




U 


LF 


GND 




i 




VCC 


EXCLK 






u 


CLKO 
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Symbol 


Pin 


Signal Type 


Pin Description 


A1 


1 


1 


Frequency select address input 2. 


GND 


2 


o 


Digital ground. 


XTAL1 


3 


1 


Crystal or external clock Input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


4 





Crystal output. 


CLKO 


5 


o 


Programnned output clock. 


VCC 


6 


1 


Digital supply voltage. Single +5 volts. 


N.C. 


7 






AO 


8 


1 


Frequency select address input 1 . 



A1 




<o 


J\ 


AO 


GND 




03CF 


1] 


N.C. 


XTAL1 


d 


■4901 




vcc 


XTAL2 


[± 


t- 
co 


u 


CLKO 
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EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047pF capacitor to XTAL1, and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49G1 04 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 

The accuracy of the frequencies produced by the 
ST49C104 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 

CLKO = (Reference clock) X A/(B.C) 



MASK OPTIONS 

The following mask options are provided for custom 
applications. 

* Latch Enable can be edge triggered or level sensi- 
tive. 

* Latch Enable can be active high or active low. 

* Any frequency can be in any decoding position. 

* CLK 1 and CLK 2 can be included in decoding table. 

* CLK2 can control selection of either CLK 1 or the 
internal frequencies. 



where 



A=1,2,3 127 

B=8. 16, 32 ,64 
C=1, 2,4,8 



For proper output frequency, the ST49C104 can ac- 
cept a reference frequency from 5 - 40 MHz and 
divider ratio up to 15. 



FEATURE 


ST49C104 


ST49C104 


ST49C103 




14-pin 


8-pin 


8-pin 


8 output frequencies 


X 


X 




4 output frequencies 






X 


Programmable LEN pin 


X 


X 


X 


Clock input only 




X 




Crystal or clock input 


X 




X 


CLK1 , GLK2 available for output mux 


X 
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Address latch (LEN) 


State 


ST49C104-1 
ST49C104-2 
ST49C104-3 


Transparent for LEN high 
Transparent for LEN low 
Transparent for LEN low 



ABSOLUTE MAXIMUM RATINGS 

7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mih 


Typ 


















Input low level 






0.8 


V 






Input high level 


2.0 






V 




V<x 


Output low level 






0.4 


V 


loL=8.0 mA 


VoH 


Output high level 


2.4 






V 


= 8.0 mA 


',L 


Input low current 






-350 


mA 


Except crystal 
input 


l,H 


Input high current 






1 




V||sj=Vcc 


'cc 


Operating cunrent 




20 


30 


mA 


No load. 












DCLK=80MHz 




Input pull-up resistance 


15 


20 


25 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^.c=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 








units 


conditions 






iiiil^ittiiii 


Typ 


Max 
















Enable pulse width 


20 






ns 






Setup time data to enable 


20 






ns 




T3 


Hold time to data enable 


10 






ns 






Rise time 




1 


1.5 


ns 


0.8V - 2.0V 




Fall time 




1 


1.5 


ns 


2.0V - 0.8V 


Te 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 




Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 




Jitter 




±85 


±100 


ps 




Ts 


Input frequency 


14.318 




32 


MHz 




T3 


Input clock rise time 






20 


ns 






Input clock fail time 






20 


ns 






Output frequency change 




0.005 




% 
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TIMING DIAGRAM 



T1 

M ►! 



LEN 



A0-A2 



T2 



^T3 



CLOCK IN 



T8 



-T10 



T9 -H k- 



CLOCK 
OUT 



-T4 



-T5 



-►i k-T7 



T6 



T6 



T11 
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ST49C1 03/104 



A2A1 AO 


ST49C104-1 
NOMIMAL ACTUAL 


3T40C1O4*2 
NOMINAL ACTUAL 


ST49C104-3 
NOMINAL ACTUAL 


ST49C104^* 
NOMINAL ACTUAL 


ST4$C103** 
NORMAL ACTUAL 



1 
1 

1 1 

1 
1 1 
1 1 

1 1 1 


Xtal Xtal 
16.257 16.331 

Clk2 Clk2 
32.514 32.663 
25.175 25.056 
28.322 28.412 
24.000 23.938 
40.000 39.822 


25.175 25.280 
28.322 28.412 
32.514 32.663 
36.000 35.795 
40.000 39.822 
44.900 44.744 
50.000 50.113 
65.000 65.326 


50.350 50.560 
56.664 56.824 
65.028 65.326 
72.000 71.590 
80.000 79.640 
89.800 89.488 
75.000 75.169 
108.00 108.280 


39.000 39.0000 
25.000 25.000 
30.750 30.750 
26.250 26.250 
32.000 32.000 
25.250 25.250 
31.250 31.250 
37.500 37.500 


32.000 32.00 
40.00 40.00 
50.00 50.00 

1.00 1.00 

N/A 

N/A 

N/A 

N/A 



A2A1 AO 



ST49Cl04-e** 
NOMINAL ACTUAL 


















1 





1 








1 


1 


1 








1 





1 


1 


1 





1 


1 


1 



25.500 
16.500 
20.750 
22.500 
24.500 
19.500 
15.000 
14.000 



25.500 
16.500 
20.750 
22.500 
24.500 
19.500 
15.000 
14.000 



Input clock frequency = 14.318 MHz 
* Input clock frequency = 16.0 MHz 
** Input clock frequency = 8.0 MHz 
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PREPROGRAMMED FREQUENCY GENERATOR 



DESCRIPTION 



SOIC Package 



The ST49C106 Is a mask programmable monolithic 
analog CMOS device designed to generate up to 8 
single frequency outputs from a single Input clock. The 
ST49C106 Is designed in a 1.2^ process to achieve 
130 MHz speed for high end frequencies. 
The ST49C106 is designed to replace existing video 
clocks generated from individual oscillators in order to 
reduce board space and number of oscillators. To 
provide high speed and lowjitter clock, the parts utilize 
a high speed analog CMOS phase locked loop using 
1 4.31 8 MHz system clock as the reference clock (note 
that reference clock can be changed to generate 
optional frequencies from a standard programmed 
device). The programmed clock outputs are select- 
able via three address lines and address latch enable 
pin. The ST49C106 also includes a power on reset 
circuit which will cause the select logic to select the 
frequency at address "000" upon power up. The 
ST49C106 contains de-glltch circuit so that full clock 
cycles are provided whenever the HALT pin stops or 
starts the output clock. 



A1 


E 






AO 


A2 


H 




13] 


N.C. 


LEN 




LL 
O 




AVCC 


AGND 


[± 


CO 

o 




DVCC 


DGND 


[L 


GO 




CLKO 


XTAL1 


[I 




HALT 


XTAL2 






3 


SEL 



Plastic-DIP package 



FEATURES 

• Can replace up to 8 oscillators/crystals and a 
multiplexer 

• PIn-to-pin compatible to Avasem AV9106-14 

• Programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• 14 pin DIP or SOIC package. 




ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C106CP14 Plastlc-DIP C to +70" C 
ST49C106CF14 SOIC 0° C to +70" C 



ST49C106 
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3ymbo] 


Pin 


Sigildi Typ6 


Pin Dei^cription 


A i 

A 1 


H 
1 


1 
1 


Frequency select address input 2. 


A2 


2* 


1 


Frequency select address input 3. 


LEN 


3* 


1 


Address latch enable input. To latch selected programmed 
clock output. 




4 


U 


Analog ground. 




c 



r\ 
VJ 


uigiiai yrouna. 


A 1 r\L. 1 


D 


1 
1 


wiyoidi ui cxiciridi uiuoiv inpui. m ciyoidi can u6 connccico 
to this pin and XTAL2 pin to generate intemal phase locked 
loop reierence ciock. ror exiernai 1 4.010 Mnz ciock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


7 


o 


Crystal output. 


SEL 


8 


1 


Clock level select / CLK1. When HALT is asserted, SEL 
selects whether the clock is high or low. This level must be 
selected before the clock is halted. SEL pin can be used as 
an xternal clock input when HALT is active. 


HALT 


9 


1 


Start / Stop output clock. 


CLKO 


10 


o 


Programmed output clock. 


DVCC 


11 


1 


Digital supply voltage. Single +5 volts. 


AVCC 


12 


1 


Analog supply voltage. Single +5 volts. 


AO 


14 


1 


Frequency select address input 1 . 



* Have internal pull-up resistors on inputs. 
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EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047|jF capacitor to XTAL1, and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49C106 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 



The accuracy of the frequencies produced by the 
ST49C1 06 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 

CLKO = (Reference clock) X A/(B.C) 



where 



A=1,2,3, 127 

B=8, 16, 32 .64 
0=1,2,4,8 



For proper output frequency, the ST49C106 can ac- 
cept a reference frequency from 5-40 MHz and 
divider ratio up to 15. 



ABSOLUTE MAXIMUM RATINGS 

7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° 
-40° to +150° 
500 mW 



DC ELECTRICAL CHARACTERISTICS 

T^=25° C, V^,c=5.0 V±5% unless otherwise specified. 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



Symbol 


Parameter 




Limits 




Units 


Conditions 






MIn 


Typ 


Max 
















Input low level 






0.8 


V 






Input high level 


2.0 






V 






Output low level 






0.4 


V 


loL= 8.0 mA 


^OH 


Output high level 


2.4 






V 


loH = 8.0 mA 


l,L 


Input low current 






-350 




Except crystal 
input 


l,H 


Input high current 






1 


mA 


V|N=Vcc 




Operating current 




20 


30 


mA 


No load. 












DCLK=80MHz 




Input pull-up resistance 


15 


20 


25 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V(^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parairi6ter 




Limits 




Units 


Cohditldns 






Miti 


Typ 


Max 














T, 


Enable pulse width 


20 






ns 






Setup time data to enable 


20 






ns 




T3 


Hold time to data enable 


10 






ns 






Rise time 




1 


1.5 


ns 


0.8V - 2.0V 




Fall time 




1 


1.5 


ns 


2.0V - 0.8V 


\ 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 




Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 




Jitter 




±85 


±100 


ps 






Input frequency 


14.318 




32 


MHz 






Input clock rise time 






20 


ns 




T,o 


Input clock fall time 






20 


ns 






Output frequency change 




0.005 




% 





A2A1A0 


ST49C106-5* 
NOMtNAL ACTUAL 



1 
1 

1 1 

1 
1 1 
1 1 

1 1 1 


39.000 39.000 
25.000 25.000 
30.750 30.750 
26.250 26.250 
32.000 32.000 
25.250 25.250 
31.250 31.250 
37.500 37.500 
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PREPROGRAMMED CPU MOTHER BOARD FREQUENCY GENERATOR 



DESCRIPTION 



SOIC Package 



The ST49C107 Is a mask programmable monolithic 
analog CMOS device designed to generate two 
simlltaneous clock. One clock, the BCLK (buffered 
reference clock), Is a fixed output frequency. The 
other clock, CLOCK. 1X-CL0CK, and 2X-CL0CK can 
vary from 2 to 100MHz, with up to 16 single selectable 
preprogrammed frequencies stored in internal ROM. 
The ST49C107 is designed to replace existing CPU 
mother board clocks generated from individual oscil- 
lators in order to reduce board space and number of 
oscillators. To provide high speed and low jitter clock, 
the parts utilize a high speed analog CMOS phase 
locked loop using 14.318 MHz system clock as the 
reference clock (note that reference clock can be 
changed to generate optional frequencies from a 
standard programmed device). The programmed 
clock outputs are selectable via four address lines ( 
two address lines for ST49C1 07-05). 



FEATURES 



• Provides reference clock and synthesized clock 

• 5 to 40MHz input reference frequency 

• Pin-to-pin compatible to Avasem A\/9107 

• Programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• Up to 16 frequencies stored internally 

• 8/14 pin DIP or SOIC package. 
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ST49C107CF-03 
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13] 


1X-CLOCK 


A3 


E 


iZ 
P 




vcc 


AGND 








2X-CLOCK 


DGND 


[1 


(0 




OE2 


PD* 


[I 




OE1 


XTALI 






i] 


XTAL2 



ST49C107CF-04 



ORDERING INFORMATION 



Part number 

ST49C107CP8 

ST49C107CF8 

ST49C107CP14 

ST49C107CF14 



Package Operating temperature 
Plastic-DIP C to +70*^ C 
SOIC 0** C to +70" C 

Plastic-DIP C to +70° C 
SOIC 0° C to +70° C 




ST49C107CF-05 



1^ 
o 

O 



CO 



ST49C107 



BLOCK DIAGRAM 



PHASE 
DETECTOR 



DIVIDER 
B 



XTALI 
XTAL2 



^ OSCILLATOR I 



VOLTAGE 
CONTROLLED 
OSCILLATOR 



PROGRAMMABLE 
DIVIDER A 



DIVIDER 
C 



SELECT 
LOGIC 



T 



OUTPUT MUX 



► 2X-CLOCK 
CLOCK 



DIVIDER 
BY 2 



OUTPUT MUX 



• 1X-CL0CK 
BCLK 



1-34 



ST49C107 

^ s 

O 
O 

SYMBOL DESCRIPTION (ST49C1 07-03 package) 

~1 



Symbol 


m 


Sl^Dai Typ^ 


Pin P^^criptiOd 


A1 


1* 


1 


Frequency select address input 2. 


A2 


2* 


1 


Frequency select address input 3. 


A3 


3* 


■ ^ ^' 1 • 


Frequency select address input 4. 


AGND 


4 


o 


Analog ground. 


DGND 


5 


o 


Digital ground. 


PD 


6* 


1 


Power-Down (Active low). Shuts off chip when low. 


XTAL1 


7 


1 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


8 


o 


Crystal output. 


OE1 


9* 


1 


Buffered clock Output Enable (Active high). BCLK output is 
three stated when this pin is low. 


OE2 


10* 


1 


Clock Output Enable (Active high). CLOCK output is three 
stated when this pin is low. 


CLOCK 


11 


o 


Programmed output clock. 


VCC 


12 


1 


Positive supply voltage. Single +5 volts. 


BCLK 


13 





Buffered crystal clock output. 


AO 


14* 


1 


Frequency select address input 1 . 



* Have internal pull-up resistors on inputs. 
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SYMBOL DESCRIPTION (ST49C1 07-04 package) 



Symbol 


'^^^^^^ 


Signal Type 


Pin Description 


A1 


1* 


„ I 


Frequency select address input 2. 


A2 


2* 


1 


Frequency select address input 3. 




o* 

O 


1 
1 


Frequency select address Input 4. 


AGND 


4 


o 


Analog ground. 


DGND 


5 


o 


Digital ground. 


PD 






Power-Down (Active low). Shuts off chip when low. 


XTAL1 




,1 ■ 


Crystal or External Clock input. A crystal can be connected 
10 inis pin ana a i alz pin lo generaic inicrnai pnasc iockcq 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 Is left open or used as buffered clock output. 


XTAL2 


8 


o 


Crystal output. 


OE1 




■ ■ 1 


1 X-CLOCK Output Enable (Active high). 1 X-CLOCK output 
is three stated when this pin is low. 


0E2 


10* 


\ 


2X-CL0CK Output Enable (Active high). 2X-CL0CK output 
is three stated when this pin is low. 


2X-CLOCK 


11 


o 


Programmed output clock. 


VCC 


12 




Positive supply voltage. Single +5 volts. 


1X-CLOCK 


13 


o 


2X-CL0CK Divide-by-two output. 


AO 


14* 




Frequency select address input 1. 



* Have internal pull-up resistors on inputs. 
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SYMBOL DESCRIPTION (ST49C1 07-05 package) 



Symbol 


Pm 


Signal Type 


Pin Description 


AO 


1 


1 


Frequency select address input 1 . 


A1 


5 


! 


Frequency select address input 2. 


GND 


2 


O 


Supply ground. 


XTAL1 


3 


1 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


4 


O 


Crystal output. 


CLOCK 


6 





Programmed output clock. 


VCC 


7 


1 


Positive supply voltage. Single +5 volts. 


BCLK 


8 


O 


Buffered crystal clock output. 



FREQUENCY TRANSITIONS 

The ST49C107 is designed to provide smooth, 
glitch-free frequency transitions on the CLOCK, 
1XCLK and 2XCLK clocks when the frequency 
select pins are changed. These frequency transi- 
tions are less than 0.1% frequency change per 
clock period. 

EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047pF capacitor to XTAL1 , and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49C1 07 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 

The accuracy of the frequencies produced by the 
ST49C107 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 

CLOCK = (Reference clock) X A/(B.C) 

where A=5, 6, 7,. ...... ..128 

B=5, 6, 7, 128 

C=1.2 

For proper output frequency, the ST49C107 can ac- 
cept a reference frequency from 5 - 40 MHz and 
divider ratio up to 15. 
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ABSOLUTE MAXIMUM RATINGS 

7 Volts 

GND-0.3 V to VCC+0.3 V 
0** C to +70** C 
-40° G to +150" C 
500 mW 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



T^=25** C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 
















Input low level 






0.8 


V 






Input high level 


2.0 






V 






Output low level 






0.4 


V 


loL= 8.0 mA 


^OH 


Output high level 


2.4 






V 


1^^, = 8.0 mA 


l,L 


Input low current 






-10 


mA 


Exc. crystal input 


l,H 


Input high current 






1 




V|fy|=VCC 


'cc 


Operating current 




20 


30 


mA 


No load. 












CLOCK=80MHz 


•sB 


Standby current 




25 




mA 


No load. 




Input pull-up resistance 


500 


900 


1300 







AC ELECTRICAL CHARACTERISTICS 

T^=25° C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






iilii^i 


Typ 


Max 
















IX, 2X-CLOCK rise time 




1 


1.5 


ns 


0.8V -2.0V 




IX, 2X-CLOCK fall time 




1 


1.5 


ns 


2.0V - 0.8V 




Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 




Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 


Ta 


Jitter 




±85 


±100 


ps 




T 


Input frequency 


2 




32 


MHz 






Buffered clock rise time 






20 


ns 




Ts 


Buffered clock fall time 






20 


ns 






1 X, 2X-CLOCK frequency change 




0.005 




% 
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CLOCK OUTPUT TABLE FOR ST49C1 07-03 (us- 
ing 14.318 MHz input. All frequencies in MHz). 



CLOCK OUTPUT TABLE FOR ST49C1 07-05 (us- 
ing 14.318 MHz input. All frequencies in MHz). 



A3A2AiA0 


CLOCK 











16.00 








1 


40.01 





1 





50.11 





1 


1 


80.01 


1 








66.58 


1 





1 


100.23 


1 


1 





8.02 


1 


1 


1 


4.01 


1 








8.02 


1 





1 


20.00 


1 


1 





25.06 


1 


1 


1 


40.01 


1 1 








33.29 


1 1 





1 


50.11 


1 1 


1 





4.01 


1 1 


1 


1 


2.05 



At AO 


CLOCK 





40.01 


1 


50.11 


1 


66.61 


1 1 


80.01 



CLOCK OUTPUT TABLE FOR ST49C1 07-04 (us- 
ing 14.318 MHz input. All frequencies in MHz). 



A3A2A1 AO 


2X-CLOCK 
















80.02 


40.01 











1 


66.62 


33.31 








1 





50.11 


25.06 








1 


1 


40.01 


20.00 





1 








100.23 


50.11 





1 





1 


33.31 


16.66 





1 


1 





32.01 


16.00 





1 


1 


1 


25.06 


12.47 


1 











64.02 


32.01 


1 








1 


2X-lnput 


IX-lnput 


1 





1 





3X-lnput 


1.5X-lnput 


1 





1 


1 


8X-lnput 


4X-lnput 


1 


1 








0.5X-lnput 


0.25X-lnput 


1 


1 





1 


0.25X-lnput 


0.125X-lnput 


1 


1 


1 





120.00 


60.00 


1 


1 


1 


1 


129.96 


64.98 
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TIMING DIAGRAM 
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CLOCK 




-T2 



T6 



BCLK 



-T8 



T7 >! k- 
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ST49C155 

Printed February 23, 1994 

PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR 




GENERAL DESCRIPTION 



SOIC Package 



The ST49C155 is a monolithic analog CMOS device 
designed to generate eight simultaneous clock out- 
puts for mother board applications. It is designed in a 
1 .2\i process to achieve 130 MHz operation with low 
clock jitter. 

The ST49C1 55 may be used to replace existing BUS 
and I/O clocks generated from individual oscillators so 
that board space and number of oscillators are 
reduced. The high speed analog CMOS phase locked 
loops use the 14.318 MHz system clock or external 
crystal connected between XTAL1 and XTAL2 as the 
reference clock (reference clock can be changed to 
generate non-standard frequencies from the standard 
programmed device). 

The ST49C155 is metal mask programmable to pro- 
vide any custom set of CPUCLK frequencies. The 
progranrimed clock outputs are selectable via four 
address lines for 1XCLK / 2XCLK outputs. 



CLKI 


\L 




20] 


AO 


XTAL2 








A1 


XTAL1 


H 






IXCLK 


DVCC 




=20-o: 




2XCLK 


DGND 




155C( 




AVCC 


CLK2 


[E 






AGND 


CLK3 








CLK6 


CLK4 


[i 






CLK5 


AGND 








PD* 


OE 








A2 



SOIC Package 



FEATURES 



* Can replace multiple oscillators/crystals 

► Pin -to-pin compatible to AV9155 

► Compatible with 286, 386, and 486 CPUs 

► Supports Turbo modes 

► Generates communications clock, keyboard 
clock, floppy disk clock, system reference clock, 
bus clock and CPU clock 

► Skew controlled 2X and IX clocks 

► Programmable analog phase locked loop 

► High speed (up to 1 30 MHz output) 

► Low power single 5V CMOS technology 
» 20 pin dip or SOIC package 



ORDERING INFORMATION 



CLKI 






20] 


AO 


XTAL2 


{£ 






A1 


XTAL1 


\L 


CO 




A2 


DVCC 




o 




1XCLK 


DGND 


H 


b 

If) 




AVCC 


CLK2 




? 




AGND 


CLK3 


E 






CLK6 


CLK4 


E 






CLK5 


AGND 


E 






PD* 


OE 


E 






A3 



Part number Package Operating temperature 

ST49C155CP20-XX Plastic-DIP 0** C to +70' C 
ST49C155CF20-XX SOIC 0° C to +70' C 

ST49C155CJ20-XX PLCC 0' C to +70' C 



lO 

T- 

O 
CO 



ST49C155 



BLOCK DIAGRAM 



XTAL1 
XTAL2 



DIVIDE 
BY 114 



PHASE 
DETECTOR 





SELECT 




LOGIC 



VOLTAGE 
CONTROLED 
OSCILLATOR 



COUNTER X 











PHASE 
DETECTOR 



VOLTAGE 
CONTROLED 
OSCILLATOR 



OUTPUT DIVIDER 



2XCLK 
1XCLK 





OUTPUT DIVIDER 



CLK1 
CLK2 
CLK3 
CLK4 
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SYMBOL DESCRIPTION ( ST49C1 55-01/ -02) 



Symboi 




Signal Type 


Pin Description 


CLK1 


1 


o 


1.8432 MHz clock output. 


XTAL2 


2 


o 


Crystal output. 


XTAL1 


3 


1 


Crystal or External clock input. 




4 


1 

i 


r^inital Qiinnix/ x/nltania f^innlp +^ \/nitc 
Lyiyiicii ouppiy vuiLdyc oiiiyic ■ vuiio. 




c 


n 


r^inital cinnol nr/^imH 






D 
\j 


1 ivinz. ^ 1 1 %Jo-u 1 / ui 0£. ivinz. ^ 1 «f ??o 1 %j*?-uz ) uiuui\ 

output. 


CLK3 


7 


O 


24 MHz floppy disk clock output. 


CLK4 


8 


o 


12 MHz keyboard clock output. 


AGND 


9 


o 


Analog ground. 


OE 


10* 





Output Enable (active high). Low on this pin sets all the 

rtiitmitQ tn thrpp ctafpi innHp 

UUipUlO lU lillCC/ OldlC IIIUUC 


A2 


11 


1 




PD* 


12* 


1 


Pnwpr rinwn ( ^rtivp inw ^ 5^hiit^ nff pntirp rhin whpn Inw 


CLK5 


13 


o 


14 318 MHz reference clock outout 


CLK6 


14 


o 


14.318 MHz reference clock output. 


AGND 


15 





Analog ground. 


AVCC 


16 




Analog supply voltage. Single +5 volts. 


2XCLK 


17 




2X CPU clock output. 


1XCLK 


18 




IX CPU clock output. 


A1 


19 




CPU clock frequency select address 1 . 


AO 


20 




CPU clock frequency select address 0. 



*Have internal pull-up resistor on inputs 

1-43 
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SYMBOL DESCRIPTION ( ST49C1 55-03) 



Symbol 


Pin 


Signal Type 


Pin Description 


CLK1 


1 


O 


6 MHz clock output. 


XTAL2 


2 


O 


Crystal output. 


XTAL1 


3 


1 


Crystal or External clock input. 


DVCC 


4 


1 


Digital supply voltage. Single +5 volts. 


DGND 


5 


o 


Digital signal ground. 


CLK2 


6 


o 


24 MHz floppy disk clock output. 


CLK3 


7 


o 


16 MHz bus clock output. 


CLK4 


8 


o 


8 MHz keyboard clock output. 


AGND 


9 


o 


Analog ground. 


OE 


10* 


o 


Output Enable (active high). Low on this pin sets all the 
outputs to three state mode. 


A3 


11 


1 


CPU clock frequency select address 3. 


PD* 


12* 


1 


Power down ( active low ). Shuts off entire chip when low. 


CLK5 


13 





14.318 MHz reference clock output. 


CLK6 


14 


o 


14.318 MHz reference clock output. 


AGND 


15 


o 


Analog signal ground. 


AVCC 


16 




Analog supply voltage. Single +5 volts. 


1XCLK 


17 




CPU clock output. 


A2 


18 




CPU clock frequency select address 2. 


A1 


19 




CPU clock frequency select address 1 . 


AO 


20 




CPU clock frequency select address 0. 



*Have internal pull-up resistor on Inputs 
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CPU CLOCK TABLE FOR ST49C1 55-01 , -02 (using 
14.318 MHz input. All frequencies in MHz). 





2XCLK 


1XCLK 





8 


4 


1 


16 


8 


1 


32 


16 


1 1 


40 


20 


1 


50 


25 


1 1 


66.66 


33.33 


1 1 


80 


40 


1 1 1 


100 


50 



CPU CLOCK TABLE FOR ST49C155-03(usinC| 
14.318 MHz input. All frequencies in MHz). 



A3A2A1 AO 


1XCLK 











16 








1 


40 





1 





50 





1 


1 


80 


1 








66.66 


1 





1 


100 


1 


1 





8 


1 


1 


1 


4 


1 








8 


1 





1 


20 


1 


1 





25 


1 


1 


1 


40 


1 1 








33.33 


1 1 





1 


50 


1 1 


1 





4 


1 1 


1 


1 


2 



CPU CLOCK TABLE FOR ST49C155-23(using 
14.318 MHz input. All frequencies in MHz). 



A2A1A0 




1XCLK 





75 


37.5 


1 


32 


16 


1 


60 


30 


1 1 


40 


20 


1 


50 


25 


1 1 


66.66 


33.33 


1 1 


80 


40 


1 1 1 


52 


26 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 55-01 (MHz) 



CLK1 


CLK2 


CLK3 


CLK4 


1.8432 


16 


24 


12 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 55-02 (MHz) 



CLK1 


CLK2 


CLK3 


CLK4 


1.8432 


32 


24 


12 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 55-03 (MHz) 



CLK1 


CLK2 


CLK3 


CLK4 


6 


24 


16 


8 



ST49C155 
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PERIPHERAL CLOCK TABLE CHART FOR 
ST49C155-23 (MHz) 



iiiiiiii 


CLK2 


CLK3 


CLK4 


1.843 


16 


24 


12 



ACTUAL OUTPUT FREQUENCIES 

CPU CLOCK TABLE FOR ST49C1 55-01, -02 (using 
14.318 MHz input. All frequencies in MHz). 



A2A1 AO 


2XCLK 


1XCLK 





7.5 


3.75 


1 


15.51 


7.76 


1 


32.22 


16.11 


1 1 


40.09 


20.05 


1 


50.11 


25.06 


1 1 


66.82 


33.41 


1 1 


80.18 


40.09 


1 1 1 


100.23 


50.11 



CPU CLOCK TABLE FOR ST49C155-23(using 
14.318 MHz input. All frequencies in MHz). 



A2A1 AO 


2XCLK 







75.170 


37.585 


1 


31.940 


15.970 


1 


60.136 


30.068 


1 1 


40.090 


20.045 


1 


50.113 


25.057 


1 1 


66.476 


33.238 


1 1 


80.181 


40.091 


1 1 1 


51.903 


25.952 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 55-01 (MHz) 



lilllii 


CLK2 


CLK3 


CLK4 


1.8432 


16 


23.71 


11.86 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 55-02 (MHz) 



CPU CLOCK TABLE FOR ST49C155-03(using 
14.318 MHz input. All frequencies in MHz). 



A3A2A1A0 


1XCLK 











15.51 








1 


40.09 





1 





50.11 





1 


1 


80.18 


1 








66.82 


1 





1 


100.23 


1 


1 





7.58 


1 


1 


1 


4.30 


1 








7.76 


1 





1 


20.05 


1 


1 





25.06 


1 


1 


1 


40.09 


1 1 








33.41 


1 1 





1 


50.11 


1 1 


1 





3.79 


1 1 


1 


1 


2.15 



iiiiii;:: 


iiiiiiii 


CLK3 


CLK4 


1.8432 


32.01 


24 


12 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 55-03 (MHz) 



CLK1 


CLK2 


CLK3 


CLK4 


6 


24 


16 


8 



ST49C155 

0) 



O 



ABSOLUTE MAXIMUM RATINGS 



Supply voltage 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V "^^^^^ 
0** C to +70° C 
-40" C to +150" C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25" C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














V. 


Input low level 






0.8 


V 




V,H 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


loL=8.0 mA 


VoH 


Output high level 


2.4 






V 


\^ = 8.0 mA 


I.L 


Input low current 






-1 


mA 


Except pins 2, 10, 












12 


«.H 


Input high current 






1 


mA 


V||y|=VCC 


«cc 


Operating current 




20 


30 


mA 


No load. 




Internal pull-up resistance 




680 






Pins 10,12 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 55-23 (MHz) 



CLK1 


CLK2 


CLK3 


CLK4 


1.843 


16 


24 


12 



FREQUENCY TRANSITIONS 

The ST49C1 55 is designed to provide smooth, glitch- 
free frequency transitions on the 1XCLK and 2XCLK 
clocks when the frequency select pins are changed. 
These frequency transitions are less than 0.1% fre- 
quency change per clock period. 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^,=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 


















Rise time 




1 


1.5 


ns 


0.8V -2.0V 


T5 


Fall time 




1 


1.5 


ns 


2.0V -0.8V 


Te 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


Te 


Duty cycle 


40 


48/52 


55 


% 


Vcc/2 switch point 




Jitter 




±85 


±100 


ps 






Input frequency 




14.318 




MHz 






Input clock rise time 






20 


ns 




T.0 


Input clock fall time 






20 


ns 





1-48 



ST49C155 



TIMING DIAGRAM 



A0-A3 



EXTERNAL 
CLOCK 

CLK1 

CLK2 

CLK3 

CLK4 

1XCLK 

2XCLK 



-H k-T4 



T6 



-T10 



->i H-T5 



T6 



T8 



T9 



-T7 



T11 



CLK5 
CLK6 



-T5 



T4- 
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ST49C214 

Printed February 23, 1994 

PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR 




GENERAL DESCRIPTION 



SOIC Package 



The ST49C214 Is a monolithic analog CMOS device 
designed to generate dual frequency outputs from 
sixteen possible combinations for video Dot clock 
frequencies and four memory clock frequencies for 
high performance video display systems. The 
ST49C214 is a mask option programmable device to 
provide different output frequencies for custom appli- 
cations. It is designed with 1.2|x process to achieve 
130 MHz speed for high end frequencies. 
The ST49C214 is designed to replace existing video 
clocks generated from individual oscillators, to reduce 
board space and number of oscillators. To provide 
high speed and lowjitter clock, The ST49C21 4 utilizes 
high speed analog CMOS phase locked loop using 
14.318 MHz system clock as reference clock (refer- 
ence clock can be changed to generate optional 
frequencies from standard programmed device) or 
external crystal connected between XTAL1 and 
XTAL2. 

The ST49C214 can provide optional clock frequen- 
cies, utilizing single layer metal mask option. The 
programmed clock outputs are selectable via four 
address lines and address latch enable pin for video 
Dot clock selection and two address lines for memory 
clock selection. 



FEATURES 



• Can replace multiple oscillators/crystals 

• Pin -to-pin compatible to ICS2494 

• Programmable analog phase locked loop 

• High speed (up to 130 MHz output) 

• Low power single 5V CMOS technology 

• 20 pin dip or SOIC package 



XTAL1 






20] 


DVCC 


XTAL2 


\L 






DCLK 


EXCLK 


[I 






BCLK 


AO 


[1 


1 


21] 


GND 


A1 








GND 


LEN 


\L 






AVCC 


A2 


E 






GND 


A3 


[I 






DVCC 


MAO 


K 






MCLK 


GND 


Eo 






MA1 



Plastic-DIP Package 



ORDERING INFORMATION 




Part number Package Operating temperature 

ST49C214CP20-XX Plastic-DIP 0° C to +70* C 

ST49C214CF20-XX SOIC O*' C to +70** C 

ST49C214CJ20-XX PLCC 0° C to +70** C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


XTAL1 


1 


1 


Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


2 


O 


Crystal output. 


EXCLK 


3* 


1 


External clock input. 


AO 


4* 


1 


Dot clock Frequency select address 1 . 


A1 


5* 


1 


Dot clock Frequency select address 2. 


LEN 


6* 


1 


Address latch enable input (active high). To latch selected 
programmed clock output. 


A2 


7* 


1 


Dot clock Frequency select address 3. 


A3 


8* 


1 


Dot clock Frequency select address 4. 


MAO 


9* 


1 


Memory clock Frequency select address 1 . 


GND 


10 


o 


Digital and Analog ground. 


MA1 


11* 


1 


Memory clock Frequency select address 2. 


MCLK 


12 


o 


Programmed memory clock output frequency. 


DVCC 


13 


1 


Digital supply voltage. Single +5 volts. 


GND 


14 


o 


Digital and Analog ground. 


AVCC 


15 


1 


Analog supply voltage. Single +5 volts. 


GND 


16 


o 


Digital and Analog ground. 


GND 


17 


o 


Digital and Analog ground. 


BCLK 


18* 


o 


Buffered crystal clock output frequency. 


DCLK 


19 


o 


Programmed video clock output frequency. 


DVCC 


20 


1 


Digital supply voltage. Single +5 volts. 



* Have internal pull-up resistor on inputs. 
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FREQUENCY SELECT CALCULATION 

The ST49C21 4 contains an analog phase locked loop 
circuit with a digital closed loop divider and a final 
series divider to achieve desired dividing ratios for 
clock output. 

The accuracy of the frequencies produced by the 
ST49C214 depends on the input frequency and final 
output frequency. The formula for calculating the 
exact output frequency is as follows: 

XCLK = (Reference clock) X (A/B.C) 

where A=1,2,3, .127, 

B=1,2.3,... 127. AND 

C=1.2,4 



For proper output frequency, the ST49C214 can ac- 
cept reference frequency from 5 - 40 MHz and divider 
ratio up to 15. 



MASK OPTIONS 

The following mask option are provided for custom 
applications. 

*Any frequency can be in any decoding position. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 
Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0* C to +70"* C 

Storage temperature -40** C to +150° C 

Package dissipation 500 mW 

DC ELECTRICAL CHARACTERISTICS 

T^=25° C. V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Lfmits 




Units 


Conditions 






Mir) 


typ 


Max 
















Input low level 






0.8 


V 




v,„ 


Input high level 


2.0 






V 






Output low level 






0.4 


V 


Iql= 8.0 mA 




Output high level 


2.4 






V 


Iqh = 8.0 mA 


1. 


Input low current 






-350 


mA 


Except crystal 
input 


I,H 


Input high current 






1 




V|isj=Vcc 


'cx; 


Operating cunrent 




20 


30 


mA 


No load. 












DCLK=80MHz, 
MCLK=40MHz 




Intemal pull-up resistance 


15 


20 


25 
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AC ELECTRICAL CHARACTERISTICS 



T^=25" C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 


















Enable pulse width 


20 






ns 






Setup tinne data to enable 


20 






ns 




T3 


Hold time to data enable 


10 






ns 






Rise time 




1 


1.5 


ns 


0.8V -2.0V 


T5 


Fall time 




1 


1.5 


ns 


2.0V -0.8V 


T3 


Duty cycle 


40 


48/52 


60 


% 


1.4V switch point 


T3 


Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 




Jitter 




±85 


±100 


ps 




\ 


Input frequency 


14.318 




32 


MHz 






Input clock rise time 






20 


ns 




T10 


Input clock fall time 






20 


ns 






Output frequency change 




0.005 




% 
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TIMING DIAGRAM 



LEN 



A0-A3 
MA0-MA1 



T1 



T2 



T3 



EXCLK 



T8 



-T10 



T9- 



MCLK 
DCLK 



•y 

Js 



-T4 



-T5 



-T7 



T6 



T6 



BCLK 



T11 



-T10 



T9- 
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ST49C214- Frequency generator programming information 



2. Please fill in the nominal frequencies required. 

3. Crystal or input clock frequency 



A3 


lllllll 


llllll 


AO 


Nominal 














DCLKO 


DCLKO 






















n 
u 


n 
U 


U 


1 














1 

















1 


1 











1 

















1 





1 











1 


1 














1 


1 


1 

































1 













1 
















1 


1 










1 
















1 





1 










1 


1 













1 


1 


1 












MA1 


liiiii 


Nominal 


Actual 












MGLKO 


MCLKO 



























1 












1 















1 


1 
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llllllllllll 




liillllllli 


Video clock 






















address 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


(Hex) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 





XTAL 


30.000 


25.175 


20.000 


50.350 


1 


65.028 


77.250 


28.325 


24.000 


56.644 


2 


EXCLK 


EXCLK 


85.000 


32.000 


65.000 


3 


36.000 


80.000 


44.900 


40.000 


72.000 


4 


25.175 


31.500 


40.000 


50.000 


80.000 


5 


28.322 


36.000 


48.000 


66.667 


89.800 


6 


24.000 


75.000 


50.000 


80.000 


63.000 


7 


40.000 


50.000 


81.150 


100.000 


75.000 


8 


44.900 


40.000 


25.175 


54.000 


25.175 


9 


ou.o5u 


OU.UOU 


Zo.oZo 


/U.UUU 


Oft 100 


A 


16.257 


32.000 


37.500 


90.000 


31.500 


B 


32.514 


44.900 


44.900 


110.000 


36.000 


C 


56.644 


25.175 


40.000 


25.000 


40.000 


D 


20.000 


28.322 


32.500 


33.333 


44.900 


E 


41.539 


65.000 


50.000 


40.000 


50.000 


F 


80.000 


36.000 


65.000 


50.000 


65.000 


Memory 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


clock 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


address 












(Hex) 















32.900 


36.000 


36.000 


16.000 


40.000 


1 


35.600 


44.347 


40.000 


24.000 


41.612 


2 


43.900 


37.500 


45.000 


50.000 


44.744 


3 


49.100 


44.773 


50.000 


66.667 


50.000 



Compatible with ICS-236 ICS-242 ICS-231 ICS-244 ICS-237 

Video Controller GD6410 WD90C30 ET4000 ET4000 
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Video clock 
address 
(Hex) 


ST49C214-6 


ST49C214-8 


ST49C214-d 


ST49C214.10 


ST49C214-16 


Frequency 
(MHz) ' 


Frequency 
(MHz) ' 


Frequency 
(MHz) ' 


Frequency 
(MHz) ' 


Frequency 
(MHz) ' 





25.175 


25.175 


25.175 


30.250 


XTAL 


1 


28.322 


28.322 


28.322 


65.000 


16.257 


2 


40.000 


40.000 


40.000 


85.000 


EXCLK 


3 


65.000 


32.500 


EXCLK 


36.000 


32.514 


4 


44.900 


50.000 


50.000 


25.175 


25.175 


5 


50.000 


65.000 


77.000 


28.322 


28.322 


6 


130.000 


38.000 


36.000 


34.000 


24.000 


7 


75.000 


44.900 


44.889 


40.000 


40.000 


8 


25.175 


31.500 


130.00 


44.900 


XTAL 


g 


28.322 




120.00 




16.257 


A 


EXCLK 


80.000 


80.000 


31.500 


EXCLK 


B 


EXCLK 


63.000 


31.500 


32.500 


36.000 


C 


60.000 


50.000 


110.00 


63.000 


25.175 


D 


80.000 


100.000 


65.000 


72.000 


28.322 


E 


EXCLK 


76.000 


75.000 


75.000 


24.000 


F 


EXCLK 


110.000 


72.000 


80.000 


40.000 


Memory 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


clock 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


address 












(Hex) 















50.000 


70.000 


55.000 


36.000 


31.000 


1 


60.000 


63.830 


75.000 


44.000 


36.000 


2 


65.000 


60.000 


70.000 


49.000 


43.000 


3 


75.000 


81.000 


80.000 


40.000 


49.000 


Compatible with ICS-253 
Video Controller NCR77C22E 


HT216 


ICS-256 

S3/86G911 


ICS-266 
GDS5410 


ICS-247 

GDS5320 
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Video clock 
address 
(Hex) 


ST4dC2l4-l7 


ST4dC2l4-l8 


ST49C214-19 


ST49C214-20 


ST4dC214-25* 


Frequency 
(MHz) 


Frequency 
(MHz) 


Frequency 
(MHz) 


Frequency 
(MHz) 


Frequency 
(MHz) 





25.175 


25.175 


25.175 


50.350 


25.175 


1 


28.322 


28.322 


28.322 


56.644 


28.322 


2 


28.636 


40.000 


40.000 


33.250 


40.000 


3 


36.000 


EXCLK 


EXCLK 


52.000 


72.000 


4 


40.000 


50 000 


50 000 


80 000 


50 000 

^ w ■ www 


5 


42.954 


77.000 


77.000 


63.000 


77.000 


6 


44.900 


36.000 


36.000 


EXCLK 


36.000 


7 


57.272 


44.889 


44.889 


75.000 


44.900 


8 


60.000 


130.00 


130.00 


25.175 


130.00 


9 


63.960 


120.00 


120.00 


28.322 


120.00 


A 


75.000 


80.000 


80.000 


31.500 


80.000 


B 


80.000 


31.500 


31.500 


36.000 


31.500 


C 


85.000 


110.00 


110.00 


40.000 


110.00 


D 


99.000 


65.000 


65.000 


44.900 


65.000 


E 


102.00 


75.000 


75.000 


50.000 


75.000 


F 


108.00 


94.500 


94.500 


65.000 


94.500 


Memory 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


clock 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


address 












(Hex) 















64.000 


45.000 


55.000 


40.000 


55.000 


1 


40.830 


38.000 


75.000 


33.333 


65.000 


2 


48.000 


52.000 


70.000 


44.000 


70.000 


3 


60.000 


50.000 


80.000 


50.000 


80.000 


4 

5 
6 
7 


45.000 
40.000 
60.000 
50.000 



Compatible with ICS-240 ICS-275 ICS-305 lCS-260 CH9294-^ 

Video Controller TI/34010/20 S3/801/805 S3/924 WEITEK S3/801/805 

W5186 

* = The Exlemal clock input pin has been changed to MA2 to privide four additional preprogrammed memory clock 
selections. When Pin-3 of the ST49C214-25 is connected to ground it is downward compatible to standard 
ST49C214-XX. This pin contains internal pull-up resistor. 
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STARTECH ST49C418 

Printed February 23, 1994 

PREPROGRAMMED STEREO CODEC'S CLOCK SYNTHESIZER 



DESCRIPTION 



The ST49C418 is a mask programmable monolithic 
analog CMOS device, designed to replace existing 
dual crystals/oscillators with single frequency clock 
input. The ST49C418 provides high speed and low 
jitter clock outputs for multi-media stereo codecs. 
The ST49C418 interfaces to Analog Devices's 
AD1848 and Crystal Semiconductor's CS4231 stereo 
codecs. The ST49C418 provides 16.934 and 24.576 
MHz clock outputs utilizing the 14.318 MHz clock 
input. 

ST49C418 is designed in a 1.2|x process to achieve 
1 50 MHz speed for high end frequencies. 



SOIC Package 




FEATURES 



» Programmable analog phase locked loop 
» Low power single 5V CMOS technology 
» 8 pin DIP or SOIC package 
» Programmable input/output frequencies 
► TTL compatible outputs 

• No extemal components besides de-coupling ca- 
pacitors 



Dip Package 




ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C418CP8 Plastic-DIP ° C to +70° C 
ST49C418CF8 SOIC 0° C to +70** C 
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SYMBOL DESCRIPTION 



Symbol 




Signal Type 


Pin Description 


REFCLK 


1 


1 


External Reference Clock Input. REFCLK is used as inter- 
nal phase locked loop reference clock. ^ 


VCC 


2 


1 


Supply voltage. Single +5 volts. 


GND 


3 


O 


Supply ground. 


CLKA 


4 


O 


Programmable output clock. Programmed for 1 6.9344 MHz 
output. 


CLKB 


5 


o 


Programmable output clock. Programmed for 24.576 MHz 
output. 


GND 


6 


o 


Supply ground. 


VCC 


7 


1 


Supply voltage. Single +5 volts. 


GND 


8 


o 


Supply ground. 



EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.01 to 0.047pF capacitor to REFCLK, 
and keep the lead length of the capacitor to 
REFCLK to a minimum to reduce noise susceptibil- 
ity. 



FREQUENCY SELECT CALCULATION 

The ST49C41 8 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output divider to achieve the desired dividing ratios for 
the clock output. 

The accuracy of the frequencies produced by the 
ST49C418 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 



CLOCK = (Reference clock) X A/(B.C) 

where A=5, 6, 7, ...128 

B=5, 6, 7. 128 

C=2 

For proper output frequency, the ST49C418 can ac- 
cept a reference frequency from 5-40 MHz and 
divider ratio up to 15. 
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ABSOLUTE MAXIMUM RATINGS 

7 Volts 

GND-0.3 V to VCC+0.3 V 
0"C to +70" C 
-40*^0 to+150*»C 
500 mW 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



1^=25** C, Vcc=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Llnnits 




Units 


Conditions 






Min 


Typ 


Max 


















Input low level 






0.8 


V 






Input high level 


2.0 






V 




Vol 


Output low level 






0.5 


V 


loL=25mA 


VoH 


Output high level 


2.8 






V 


Iqh = 25 mA 


l,H 


Input high current 






1 


mA 




'cc 


Operating current 




20 


25 


mA 


No load. 



AC ELECTRICAL, CHARACTERISTICS 



7^=25° C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















T, 


CLOCK rise time 




1 


1.5 


ns 


0.5V -2.8V 




CLOCK fall time 




1 


1.5 


ns 


2.8V -0.5V 




Duty cycle 


40 


48/52 


60 


% 


1.4V switch point 


T, 


Duty cycle 


45 


48/52 


55 


% 


VCC/2 switch point 




Jitter 




±85 


±100 


ps 




T 


Input frequency 


5 


10 


40 


MHz 






CLOCK frequency change 




0.01 




% 
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TIMING DIAGRAM 
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LINE DRIVERS / RECEIVERS 



Index 



ST26C31 2-3 

ST26C32 2-9 
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ST34C50 ...2-15 

ST34C51 2-15 

ST34C86 2-25 

ST34C87. 2-31 
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STARTECH ST26C31 

Printed February 23, 1994 

QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER 



DESCRIPTION 



SOIC package 



TheST26C31 is a CMOS quad differential line driver 
designed to meet the standard RS-422 requirements 
and digital data transmission over balanced lines. To 
improve noise margin and output stability for slow 
changing input signals special hysteresis is built in the 
ST26C31 circuit. 

The ST26C31 is a high speed CMOS line driver 
designed to operate with MFM / RLL controllers and 
hard disk drives as well as RS-422 digital data 
transmission applications. ST26C31 is suitable for low 
power 5V operation with high input voltage protection 
devices. 



MPUTA 


E 


w 




vcc 


cxrrPLn-A+ 


\L 






MPUTD 


OUTPUT A- 




to 




OUTPUT D+ 


ENABLE 




11CF' 




OUTPUT D- 


OUTPUT B- 


\i 


26C; 




ENABLE* 


OUTPUT B+ 








OUTPUT C- 


WPUTB 








OUTPUTC+ 


GND 


E 




3 


MPUTC 



FEATURES 



• Pin-to-pin compatible with National DS26C31C 

• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422 requirements 

• Low propagation delays 

• High speed 



Plastic-DiP package 



NPUTA 


E 






vcc 


OUTPUT A+ 


E 






NPUTD 


OUTPUT A- 


E 


CO 




OUTPUT D+ 


ENABLE 


E 


)1CP 




OUTPUT D- 


OUTPUT B- 


E 


■26c; 




ENABLE* 


OUTPUTB+ 


E 






OUTPUT C- 


NPUTB 


E 






OUTPUTC+ 


GND 


E 




3 


MPUTC 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST26C31CP16 Plastic-DIP 0° C to + yo** C 
ST26C31CF16 SOIC 0° C to + 70° C 
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SYMBOL DESCRIPTION 



Symbol 




Signal Typ^ 


Pin Description 


INPUT A 


1 


1 


Driver A input pin. 


OUTPUT A+ 


2 


o 


Driver A differential non-inverting output pin. 


OUTPUT A- 


3 


o 


Driver A differential inverting output pin. 


ENABLE 


4 


1 


Gate control (active high). This pin is one of the two control 
pins which enables or disables all four drivers. All four 
drivers are gated with two input or gate. 


OUTPUT B- 


5 


o 


Driver B differential inverting output pin. 


OUTPUT B+ 


6 


o 


Driver B differential non-inverting output pin. 


INPUT B 


7 


1 


Driver B input pin. 


GND 


8 


o 


Signal and power ground. 


INPUT C 


9 


1 


Driver C input pin. 


OUTPUT C+ 


10 


o 


Driver C differential non-inverting output pin. 


OUTPUT C- 


11 


o 


Driver C differential inverting output pin. 


ENABLE* 


12 


1 


Gate control (active low). See ENABLE pin description. 


OUTPUT D- 


13 


o 


Driver D differential inverting output pin. 


OUTPUT D+ 


14 


o 


Driver D differential non-inverting output pin. 


INPUT D 


15 


1 


Driver D input pin. 


VCC 


16 


1 


Power supply pin. 



1 
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Functional table 



Enable 


Enable* 


Inpui 


Differential 


Differential 








Non4nverting 


Inverting . 








Output 


Output 


L 


H 


X 


Z 


Z 


L 


L 


L 


L 


H 


L 


L 


H 


H 


L 


H 


L 


L 


L 


H 


H 


L 


H 


H 


L 


H 


H 


L 


L 


H 


H 


H 


H 


H 





X=Dont care 

Z=Three state (high impedance) 





= C1 
4BpF 


= C2 1 
4BpF 




= C3 
4BpF 


t 











5B . 



R3 
EBB 



R2 
5B 



AC ELECTRICAL CHARACTERISTIGS 

7^=25** C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 


















Propagation delay, input to output 




8 


10 


ns 


SI open 




Differential output rise and fall time 




8 


10 


ns 


SI open 




Output enable time 




18 


20 


ns 


SI close 




Output disable time 




18 


20 


ns 


SI close 




Skew 






2 


ns 


SI open 



' Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 
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ABSOLUTE MAXIMUM RATINGS 
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Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0** C to +70° C 
-40° C to +150° C 



DC ELECTRICAL CHARACTERISTICS 

T^=25° C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 




Min 


Typ 


Max 


















Input current 






±1.0 


mA 




'cc 


Operating current 




200 




M 




'oz 


Three state output leakage 




±2.0 








V,H 


Input high level 


2.0 






V 




v. 


Input low level 






0.8 


V 




^OH 


Output high level 


2.5 






V 






Output low level 






0.5 


V 




^OS 


Differential output level 


2.0 






V 


R=^oocl 


Voc 


Common mode output voltage 






3.0 


V 


R=^oon 


^OD 


Difference in common mode output 






0.4 


V 


RL=ioon 


C,N 


Input capacitance 


7 


10 


15 


PF 




Cpo 


Power dissipation capacitance 




100 




PF 




los 


Output short current 


-30 




-150 


mA 


V,^=VCCorGND 


'off 


Output leakage current power off 






100 


mA 


Vout=6V 








-100 


mA 


Vout=0.25V 


'dc 


Output current 






±150 


mA 
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ST26C31 



DIFFERENTIAL LINE DRIVER TIMING 



ENABLE 
ENABLE* 



INPUT X 



OUTPUT X+ 



OUTPUT X- 



T3 



-HT3 



90% 



110% 
j2->i 



T4 



-T4 



10% 



190% 



-12 



h<— H T1 



-H T1 



T1 



T1 



OUTPUT X+ 



OUTPUT X- 



50% 



50% 



T5 
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ST26C32 



STARTECH 

Printed February 23, 1994 

QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER 



DESCRIPTION 



SOIC package 



The ST26C32 is a CMOS quad differential line 
receiver designed to meet the standard RS-422, RS- 
423 requirements. The ST26C32 has an input sensi- 
tivity of 200mv over the common mode input voltage 
range of ±7\/. To improve noise margin and output 
stability for slow changing input signal, special hyster- 
esis is built in the ST26C32 circuit. 
The ST26C32 is a high speed line receiver designed 
to operate with MFM / RLL controllers and hard disk 
drives as well as RS-422, and RS-423 differential 
applications. ST26C32 provides TTL compatible out- 
puts to interface with standard 74LS and CMOS 
design environments. ST26C32 is suitable for low 
power 5V operation. 



INPLTTA- 


[I 






vcc 


INPL;rA+ 


[E 




15] 


INPUT D- 


OUTPUT A 


H 


12CF16 




INPUT D+ 


ENABLE 




13] 


OUTPUT D 


OUTPUT B 




•26c; 




ENABLE* 


INPUT B+ 








OUTPUT C 


INPUT B- 








INPUT C+ 


GND 






3 


INPUT C- 



FEATURES 



• Pin-to-pin compatible with National DS26C32C 

• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422 requirements 

• Low propagation delays 

• Highspeed 



Plastlc-DIP package 



INPUT A- 






ig 


vcc 


INPUrA+ 


[I 






INPUT D- 


OUTPUT A 


[1 






INPUTD+ 


ENABLE 




J2CP 




OUTPUT D 


OUTPUT B 


d 


T2QC< 




ENABLE* 


INPUT B+ 




(/) 




OUTPUT C 


INPUT B- 


g 






INPUT C+ 


GND 






3 


INPUT C- 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST26C32CP16 Plastic-DIP 0" C to + 70° C 
ST26C32CF16 SOIC 0" C to + 70" C 



ST26C32 



BLOCK DIAGRAM 



INPUT A- 
INPUT A+ 

OUTPUT A 
ENABLE 



OUTPUT B 
INPUT B+ 

INPUT B- 







INPUTD- 
INPUT D+ 
OUTPUT D 



ENABLE* 




OUTPUT C 
INPUT C+ 

INPUT C- 
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SYMBOL DESCRIPTION 



Symbol 


iiiiiiliiiiiiiiiiili; 


Signal Type 


Pin Description 


INPUT A- 


1 


1 


Receiver A differential inverting input pin. 


INPUTA+ 


2 


1 


Receiver A differential non-inverting input pin. 


OUTPUT A 


3 


O 


Receiver A output pin. 


ENABLE 


4 


1 


Gate control (active high). This pin is one of the two control 
pins which enables or disables all four receivers. 


OUTPUT B 


5 


o 


Receiver B output pin. 


INPUT B+ 


6 


1 


Receiver B differential non-inverting input pin. 


INPUT B- 


7 


1 


Receiver B differential inverting input pin. 


GND 


8 


o 


Signal and power ground. 


INPUT C- 


9 


1 


Receiver C differential inverting input pin. 


INPUT C+ 


10 


1 


Receiver C differential non-inverting input pin. 


OUTPUT C 


11 


o 


Receiver C output pin. 


ENABLE * 


12 


1 


Gate control (active low). See ENABLE description 


OUTPUT D 


13 


o 


Receiver D output pin. 


INPUT D+ 


14 


1 


Receiver D differential non-inverting input pin. 


INPUT D- 


15 


1 


Receiver D differential inverting input pin. 


VCC 


16 


1 


Power supply pin. 
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ST26C32 



Functional table 



Enable 


Enable'' 


Output 


Differential 
Mon4nverting 
input 


Differential 
Inverting 
Input 


L 


H 


Z 


X 


X 


H 


L 


L 


L 


H 


H 


L 


H 


H 


L 



X=Don't care 

Z=Three state (high Impedance) 



INPUT* 





i 


°81 
111 

; iiK 

OUTPUT 


>— 




= C1 
SBpF 



AC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 


















Propagation delay, Input to output 




8 


10 


ns 


S1=VCC 




Propagation delay, input to putput 




18 


20 


ns 


S1=GND 


T3 


Output enable time 




18 


20 


ns 


Vo,P=2.5V 


T4 


Output disable time 




18 


20 


ns 


Vo,p=2.5V 
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ST26C32 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any logic pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



CO 
H 
ls> 
c» 
O 

ro 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




units 


Conditions 








Typ 


Max 
















Enable high level 


2.0 






V 




V. 


Enable low level 






0.8 


V 




Output high level 


3.8 


4.2 




V 


loH= 


Vol 


Output low level 




0.2 


0.4 


V 


loH= 6mA 


V,o 


Differential input level 


-0.2 




+0.2 


V 


-7V<V,,<+7V 


v„ 


Input hysteresis 




50 




mV 




Input current 






±1.0 


mA 




'cc 


Operating current 




200 




mA 


Vo,p=+1V 


'oz 


Three state output leakage 




±1.0 


±5.0 




VouT=VCC orGND 


■en 


Enable input current 




±1.0 




mA 


V,^=VCGorGND 


\ 


Input resistance 




10 




KQ 


-7V<V,,<+7V 
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CM 
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DIFFERENTIAL LINE RECEIVER TIMING 



ENABLE 
ENABLE* 



INPUT X+ 



INPUT X- 



T1 k 



T3 



OUTPUT X 



T2 



T4 
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STARTECH ST34C51 



Printed February 23, 1994 
DUAL RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER AND DRIVER 



GENERAL DESCRIPTION 



The ST34C50/51 is a CMOS dual differential line 
receiver and driver, designed to meet the standard 
RS-422, RS-423 requirements and digital data trans- 
mission overbalanced lines. The ST34C50/51 has an 
input sensitivity of 200mv over the common mode 
input voltage range of ± 7V. To improve noise margin 
and output stability for slow changing input signal, 
special hysteresis is built in the ST34C50/51 circuit. 
The ST34C50/51 is a high speed line receiver and 
driver, designed to operate with MFM / RLL controllers 
and hard disk drives as well as RS-422 and RS-423 
differential applications. ST34C50/51 provides TTL 
compatible outputs to interface with standard 74LS 
and CMOS design environments. ST34C50/51 is 
suitable for low power 5V operation with minimum 
board space requirements. ST34C50/51 provides 
dual differential line receiver with three state control 
pin and dual line driver with three state control 
capability. 



SOIC Package 



MPLTTA- 


K 




111 


vcc 










NPLrrD 


OUTPUT A 








OUTPUT D+ 


ENABLE A*/B* 




50CF 




OUTPUT D- 


CX/rPLTTB 


[I 






ENABLE C/D 


NPUTB+ 


[1 


CO 




OUTPUT C- 


NPLrrB- 


E 






OUTPUTC+ 


GND 


[I 






NPUTC 



ST34C50CF / ST34C50CP 



SOIC Package 



FEATURES 



► Pin -to-pin compatible to Motorola MC34050 and 
MC34051 

» Low power CMOS design 

» Three-state outputs with enable pin 

► Meets the EIA RS-422/423 requirements 
» Low propagation delays 

► High speed 

» Dual line receiver with three state control 

► Dual line driver with three state control 



MPUTA- 


K 


w 


16] 


VCC 


NPUTA+ 


[I 






^FUTD 


OUTPUT A 


K 


CD 




OUTPUT D+ 


ENABLE D 


[I 


)1CF 




OUTPUT D- 


OUTPUTS 


[1 


O 
? 




ENABLE C 


MPUTB+ 


K 


to 




OUTPUT C- 


IMPUTB- 


E 






OUTPUTC+ 


GND 






3 


NPUTC 



ORDERING INFORMATION 



Part number 

ST34C50CP16 

ST34C50CF16 

ST34C51CP16 

ST34C51CF16 



Package 

Plastic-DIP 
SOIC 

Plastic-DIP 
SOIC 



Operating temperature 

O'^C to +70**C 
0** C to + 70" C 
0** C to + 70** C 
0'' C to + 70" C 



ST34C51CF / ST34C51CP 



ST34C50 
^ ST34C51 



ST34CS0 BLOCK DIAGRAM 



INPUT A- 
INPUTA+ 

OUTPUT A 



ENABLE A*/B* 



-c 




OUTPUTS — 
INPUT B+ 

INPUT B- — -a 







INPUT D 

OUTPUT D+ 
OUTPUT D- 

ENABLE C/D 

OUTPUT C- 
OUTPUT C+ 

INPUT C 
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ST34C51 BLOCK DIAGRAM 



INPUTA- — a 

INPUTA+ 

OUTPUT A 



ENABLE D 





OUTPUTS — 

INPUT B+ 

INPUTS- CI 




INPUTD 



OUTPUT D+ 



OUTPUT D- 





ENABLEC 

OUTPUT C- 
OUTPUT C+ 

INPUT C 



2-17 



ST34C50 
, ST34C51 



lO 

O 
I- 

SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


INPUT A- 


1 


1 


Receiver A differential inverting input pin. 


INPUTA+ 


2 


1 


Receiver A differential non-inverting input pin. 


OUTPUT A 


3 


O 


Receiver A output pin. 


ENABLE A/B 


4, 


1 


Gate control (active low, ST34C50 only). This pin enables/ 
disables the two line receiver outputs (out A and out B of 
ST34C50). 


ENABLED 


A* 


1 


Gate control (active high, ST34C51 only). This pin enables/ 
disables the ST34C51 differential line driver D section. 


OUTPUT B 


5 


o 


Receiver B output pin. 


INPUT B + 


6 


1 


Receiver B differential non-inverting input pin. 


INPUT B - 


7 


1 


Receiver B differential inverting input pin. 


GND 


8 


o 


Signal and power ground. 


INPUT e 


9 


1 


Driver C input pin. 


OUTPUT C+ 


10 





Driver C differential non-inverted output pin. 


OUTPUT C - 


11 





Driver C differential inverted output pin. 


ENABLE C/D 


12 


1 


Gate control (active high, ST34C50 only). This pin enables/ 
disables the two line driver outputs (output and output D 
ofST34C50). 


ENABLE C 


12* 


1 


Gate control (active high, ST34C51 only). This pin enables/ 
disables the ST34C51 differential line driver C section. 


OUTPUT D - 


13 





Driver D differential inverted output pin. 


OUTPUT D+ 


14 


o 


Driver D differential non-inverted output pin. 


INPUT D 


15 




Driver D input pin. 


VCC 


16 


1 


Power supply pin. 
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Receiver Functional table (ST34C50 only) 



Enable 

m 


Output 


Otfferential 
NQH-lnvertiiig 
Input 


Otfferen^i«l 
Inverting 
Input 


H 


Z 


X 


X 


L 


L 


L 


H 


L 


H 


H 


L 



X=Dont care 

Z=Three state (high Impedance) 

Receive sections of the ST34C51 are enabled all the time. 



Driver Functional table (ST34C50 only) 



Enable 

cm 


Input 


Differehtiat 
Ndn^nvarted 
Output 


Differential 
Inverted 
Output 


L 


X 


Z 


Z 


H 


L 


L 


H 


H 


H 


H 


L 



X=Don't care 

Z=Three state (high Impedance) 
* for each section of ST34C51 . 



^Driver Functional table (ST34C51 only) 



Enable ; 
CorD 


Input 


Differential 
^fon4nverted 
Output 


IHfferential 
Invetted 
Output 


L 


X 


Z 


Z 


H 


L 


L 


H 


H 


H 


H 


L 



ST34C50/51 DRIVER AC TEST CIRCUIT 
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ST34C50 
, ST34C51 



AC ELECTRICAL CHARACTERISTICS 



7^=25** C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 




Limits 




Units 


Conditions 




mmm 


Typ 


Max 


















Line driver section 












T, 


Propagation delay, input to output 




8 


10 


ns 


SI open 


T, 


Differential output rise and fall time 




8 


10 


ns 


SI open 


T3 


Output enable time 




18 


20 


ns 


SI close 




Output disable time 




18 


20 


ns 


SI close 


% 


Skew 






2 


ns 


SI open 




Line receiver section 












T, 


Propagation delay, input to output 




8 


10 


ns 


S1=VCC 




Propagation delay, input to putput 




18 


20 


ns 


S1=GND 


T3 


Output enable time 




18 


20 


ns 






Output disable time 




18 


20 


ns 





* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 



ST34C50/51 RECEIVER AC TEST CIRCUIT 



IBM 



SBpF 
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ST34C50 
ST34C51 



ABSOLUTE MAXIMUM RATINGS 



Operating supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts ±5% 
GND-0.3 V to VCC+0.3 V 
0" C to +70* C 
-40° C to +150* C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25* C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol : 


parameter 




Umits 




Unit^ 


Conditions 






Mm 


Typ 


Max 
















Enable high level 


2.0 






V 






Enable low level 






0.8 


V 




^ROH 


Receiver output high level 


3.8 






V 




^ROL 


Receiver output low level 






0.4 


V 




^RID 


Receiver differential input level 


-0.2 




+0.2 


V 




^RH 


Receiver input hysteresis 




50 




mV 




'rin 


Receiver input current 






±1.0 


mA 




^RR 


Receiver input resistance 




10 




KQ 




'cc 


Operating cunrent 




200 




mA 




loz 


Three state output leakage 




±2.0 




mA 




^DOH 


Driver input high level 


2.5 






V 




^DOL 


Driver output low level 






0.5 


V 




V 


Driver differential output level 


2.0 






V 


RL=ioon 




Driver Common mode output voltage 






3.0 


V 


R=iooa 


V 

*DOD 


Driver difference in common mode 






0.4 


V 


R=ioon 


output 












'din 


Driver input cunrent 






±1.0 


mA 
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ST34C50 
ST34C51 



DIFFERENTIAL LINE DRIVER TIMING 



ENABLE 
ENABLE* 



INPUT X 



OUTPUT X+ 



OUTPUT X- 



N— — HTS 



\<- >IT3 



90% 



110% 
T2-H k- 



-T4 



-T4 



10% 



90% 



-T2 



N — H 







\ 


T1 


T1 




< — ► 


/ 

T1 


T1 


\ 



OUTPUT X+ 



OUTPUT X- 



50% 



T5 



50%^ 
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ST34C50 
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DIFFERENTIAL LINE RECEIVER TIMING 



ENABLE 
ENABLE* 



INPUT X+ 



INPUT X- 



OUTPUTX 
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ST34C86 



STARTECH 

Printed February 23, 1994 

QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER 



GENERAL DESCRIPTION 



SOIC package 



The ST34C86 is a CMOS quad differential line 
receiver designed to meet the standard RS-422, RS- 
423 requirements. The ST34C86 has an input sensi- 
tivity of 200mv over the common mode input voltage 
range of ± 7V. To improve noise margin and output 
stability for slow changing input signal, special hyster- 
esis is built in the ST34C86 circuit. 
The ST34C86 is a high speed line receiver designed 
to operate with MFM / RLL controllers and hard disk 
drives as well as RS-422 and RS-423 differential 
applications. ST34C86 provides TTL compatible out- 
puts to interface with standard 74LS and CMOS 
design environments. ST34C86 is suitable for low 
power 5V operation. 



INPUT A- 


K 






vcc 


iNPLrrA+ 


E 






INPUT D- 


OUTPUT A 


\± 


(0 




INPUTD+ 


ENABLE A/B 




I6CF 




OUTPUT D 


OLTTPUTB 


[I 


O 




ENABLE C/D 


INPUT B+ 


[1 






OUTPUT C 


INPUT B- 


E 






INPUT C+ 


GND 


E 




J} 


INPUT C- 



FEATURES 



Plastic-DIP package 



• Pin-to-pin compatible with National DS34C86 

• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422 requirements 

• Low propagation delays 

• High speed 



INPUT A- 


E 




i3 


vcc 


INPUTA+ 


E 




15] 


INPUT D- 


OUTPUT A 


E 






INPUTD+ 


ENABLE A/B 


E 


§ 




OUTPUT D 


OUTPUT B 


E 






ENABLE C/D 


INPUT B+ 


E 


CO 




OUTPUT C 


INPUT B- 


E 






INPUT C+ 


GND 


E 




D 


INPUT C- 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST34C86CP16 Plastic-DIP 0' C to + 70° C 
ST34C86CF16 SOIC 0" C to + 70° C 



ST34C86 



BLOCK DIAGRAM 



INPUT A- 
INPUT A+ 

OUTPUT A 



ENABLE A/B 



OUTPUT B 
INPUT B+ 

INPUT B- 







INPUTD- 
INPUT D+ 
OUTPUT D 



ENABLE C/D 




OUTPUT C 
INPUT C+ 

INPUT C- 
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SYMBOL DESCRIPTION 



Symbol 


Pih 


Signal Type 


Pin Description 


INPUT A- 


1 


1 


Receiver A differential inverting input pin. 


INPUT A+ 


2 


1 


Receiver A differential non-inverting input pin. 


OUTPUT A 


3 


O 


Receiver A output pin. 


ENABLE A/B 


4 


1 


Gate control (active high). This pin enables/disables the two 
line receiver outputs (out A and out B). 


OUTPUT B 


5 


O 


Receiver B output pin. 


INPUT B+ 


6 


1 


Receiver B differential non-inverting input pin. 


INPUT B- 


7 


1 


Receiver B differential inverting input pin. 


GND 


8 


o 


Signal and power ground. 


INPUT C- 


9 


1 


Receiver C differential inverting input pin. 


INPUT C+ 


10 


1 


Receiver C differential non-inverting input pin. 


OUTPUT C 


11 


o 


Receiver C output pin. 


ENABLE C/D 


12 


1 


Gate control (active high). This pin enables/disables the two 
line receiver outputs (output C and output D). 


OUTPUT D 


13 





Receiver D output pin. 


INPUT D+ 


14 


1 


Receiver D differential non-inverting input pin. 


INPUT D- 


15 


1 


Receiver D differential inverting Input pin. 


VCC 


16 


1 


Power supply pin. 
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Functional table 



Enable 


Output 


Differential 


Differential 


AilB 




^ton4nvertl^g 


Inverting 


cm 




Input 


Input 


L 


z 


X 


X 


H 


L 


L 


H 


H 


H 


H 


L 



X=Don'tcare 

Z=Three state (high impedance) 





A 


*81 

111 
UN 

OUTPUT 


> 




= C1 
SIpF 



AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V(^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Linilts 




Unit$ 








Urn 


Typ 


Max 


















Propagation delay, input to output 




8 


10 


ns 


S1=VCC 




Propagation delay, input to putput 




18 


20 


ns 


S1=GND 




Output enable time 




18 


20 


ns 


Vo,F=2.5V 




Output disable time 




18 


20 


ns 


Vo,P=2.5V 



o 00 



ST34C86 

CO 
H 

Oi 



o 

00 



ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any logic pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0** C to +70'' C 
-40** C to +150* C 



DC ELECTRICAL CHARACTERISTICS 



1^=25** C, Vj^=5.0 V ± 5% unless otherwise specified. 



$ymbol 


Parameter 








Units 


Conditions 






Mfn 


Typ 


Max 
















Enable high level 


2.0 






V 




V. 


Enable low level 






0.8 


V 




VoH 


Output high level 


3.8 


4.2 




V 


lo„= -6mA 




Output low level 




0.2 


0.4 


V 


lo„= 6mA 


V,o 


Differential input level 


-0.2 




+0.2 


V 


-7V<V,„<+7V 


Vh 


Input hysteresis 




50 




mV 




Input cunrent 






±1.0 


mA 




•ex. 


Operating cunrent 




200 




mA 




'oz 


Three state output leakage 




±1.0 


±5.0 




VouT=VCGorGND 


w 


Enable input cunrent 




±1.0 




mA 


V,^=VGC orGND 




Input resistance 




10 






-7V<V,,<+7V 
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DIFFERENTIAL LINE RECEIVER TIMING 



ENABLE 



INPUT X+ 



INPUT X- 



OUTPUTX 




ST34C87 



STARTECH 



Printed February 23, 199 

QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER 



GENERAL DESCRIPTION 



The ST34C87 is a CMOS quad differential line driver 
designed to meet the standard RS-422 requirements 
and digital data transmission over balanced lines. To 
improve noise margin and output stability for slow 
changing input signals special hysteresis is built in the 
ST34C87 circuit. 

The ST34C87 is a high speed CMOS line driver de- 
signed to operate with MFM / RLL controllers and hard 
diskdrives as well as RS-422 digital data transmission 
applications. ST34C87 is suitable for low power 5V 
operation with high input voltage protection devices. 



SOIC package 



INPUT A 


E 




16] 


vcc 


OUTPUT A+ 








INPUT D 


OUTPUT A- 


H 


CD 
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FEATURES 

• Pin-to-pin compatible with National DS34C87 

• Low power CMOS design 
•Three-state outputs with enable pin 

• Meets the El A RS-422 requirements 

• Low propagation delays 

• Highspeed 
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ORDERING INFORMATION 



Part number Package Operating temperature 

ST34C87CP16 Plastio-DIP 0** C to + 70" C 
ST34C87CF16 SOIC 0° C to + 70" C 



ST34C87 



BLOCK DIAGRAM 



INPUT A 

OUTPUT A+ 
OUTPUT A- 

ENABLEA/B 

OUTPUT B- 
OUTPUT B+ 

INPUT B 








INPUT D 

OUTPUT D+ 
OUTPUT D- 

ENABLE G/D 

OUTPUT C- 
OUTPUT C+ 

INPUT C 



ST34G87 

CO 
H 

^ 

O 
00 



SYMBOL DESCRIPTION 



Symboi 


Pin 


Signal Type 


Pin Description 


INPUTA 


1 


1 


DriverA input pin. 


OUTPUTA+ 


2 





Driver A differential non-inverting output pin. 


OUTPUT A- 


3 


o 


Driver A differential inverting output pin. 


ENABLEA/B 


4 


1 


Gate control (active high). This pin is one of the two control 
pins which enables or disables two/four drivers. 


OUTPUT B- 


5 


o 


Driver B differential inverting output pin. 


OUTPUTB+ 


6 


o 


Driver B differential non-inverting output pin. 


INPUT B 


7 


1 


DriverB input pin. 


GND 


8 


o 


Signal and powerground. 


INPUTC 


9 


1 


Driver C input pin. 


OUTPUTC+ 


10 


o 


DriverC differential non-inverting output pin. 


OUTPUTC- 


11 





DriverC differential inverting output pin. 


ENABLEC/D 


12 


1 


Gate control (active high). See ENABLE A/B pin description. 


OUTPUTD- 


13 


o 


DriverD differential inverting output pin. 


OUTPUTD+ 


14 


o 


Driver D differential non-inverting output pin. 


INPUTD 


15 


1 


DriverD input pin. 


VCC 


16 


1 


Power supply pin. 
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Functional table 
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AC ELECTRICAL CHARACTERISTICS 

T^=25** C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 


















Propagation delay, input to output 




8 


10 


ns 


SI open 


\ 


Differential output rise and fall time 




8 


10 


ns 


SI open 


T3 


Output enable time 




18 


20 


ns 


SI close 


T4 


Output disable time 




18 


20 


ns 


SI close 


% 


Skew 






2 


ns 


SI open 



* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 



ST34C87 



ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operatingtemperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0** C to +70" C 
-40** C to +150" C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 

T^=25" C, V^^=5.0 V ± 5% unless otherwise specified. 





parameter 










Conditions 






Typ 


Max 
















Input cunrent 






±1.0 


mA 




Ice 


Operating cunrent 




200 




mA 




\^ 


Three state output leakage 




±2.0 




mA 






Input high level 


2.0 






V 




v„ 


Input low level 






0.8 


V 






Output high level 


2.5 






V 




Vc 


Output low level 






0.5 


V 






Differential output level 


2.0 






V 


f\=100Q 




Common mode output voltage 






3.0 


V 


F\=100Q 




Difference in common mode output 






0.4 


V 


l\=100Q 


C.N 


Input capacitance 


7 


10 


15 


PF 


Cpo 


Powerdissipation capacitance 




100 




PF 




'os 


Output short cunrent 


-30 




-150 


mA 


V,^=VCCorGND 




Output leakage current power off 






100 
-100 


mA 
mA 


Vout=6V 
Vout=0.25V 




Output cunrent 






±150 


mA 
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DIFFERENTIAL LINE DRIVER TIMING 
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STARTECH ST31C32 



Printed February 23, 1994 
RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVERS AND DRIVERS 



GENERAL DESCRIPTION 



The ST31 C32 is a high speed CMOS combo differen- 
tial line receiver and driver designed to meet the 
standard RS-422, RS-423 requirements for digital and 
transmission over balanced lines. It provides five 
differential line receivers with three state control and 
three line drivers also with three state control. 
The line driver inputs and line receiver outputs are 
TTL compatible to interface with standard 74LS and 
CMOS environments. The ST31C32 has been de- 
signed for low power 5 volts operation and is espe- 
cially suited for MODEM/UART applications. 
The receiver in the ST31 C32 has an input sensitivity 
of 200mv over the common mode input voltage range 
of ± TV. They incorporate hysteresis for improved 
noise margin with slow changing input signals. Input 
fail-safe circuitry is also included which will cause the 
output of the receiver to go to a logic T level if the 
inputs are left open. 

A special voltage sensing circuit is utilized in the 
drivers that will three-state the outputs during power 
down and power up. This will prevent spurious glitches 
from appearing on the outputs. 
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SOIC Package 



FEATURES 



• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422/423 requirements 

• Low propagation delays 

• High speed 

• Five line receivers with three state control 

• Three line drivers with three state control 

• 28 pin PLCC and SOIC package 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST31C32CJ28 PLCC 0^ C to + 70° C 

ST31C32CF28 SOIC O'* C to + 70'' C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin De^ription 


INPUT B 


1 


1 


Line driver B Input pin. 


OUTPUT B+ 


2 





Line driver B differential non-inverted output pin. 


OUTPUT B - 


3 





Line driver B differential inverted output pin. 


OUTPUT C - 


4 


o 


Line driver C differential inverted output pin. 


OUTPUT C+ 


5 


o 


Line driver C differential non-inverted output pin. 


INPUT C 


6 


1 


Line driver C input pin. 


ENABLE A* 


7* 


1 


Gate control A (active low). This pin enables/ disables the 
three line driver outputs. 


OUTPUT D 


8 


o 


Line receiver D output pin. 


INPUT D + 


9 


1 


Line receiver D differential non-inverted input pin. 


INPUT D - 


10 


1 


Line receiver D differential inverted input pin. 


INPUT E - 


11 


1 


Line receiver E differential inverted input pin. 


INPUT E + 


12 


1 


Line receiver E differential non-inverted input pin. 


OUTPUT E 


13 


o 


Line receiver E output pin. 


GND 


14 


o 


Signal and power ground. 


ENABLE B^ 


15* 


1 


Gate control B (active low). This pin enables/ disables the 
five line receiver outputs. 


INPUT F - 


16 


1 


Line receiver F differential inverted input pin. 


INPUT F + 


17 


1 


Line receiver F differential non-inverted input pin. 


OUTPUT F 


18 


o 


Line receiver F output pin. 


OUTPUT G 


19 


o 


Line receiver G output pin. 


INPUT G + 


20 


I 


Line receiver G differential non-inverted input pin. 
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INPUT G - 


21 


1 


Line receiver G differential inverted input pin. 


INPUT H- 


22 


1 


Line receiver H differential inverted input pin. 


INPUT H + 


23 


^; "^i 


Line receiver H differential non-inverted input pin. 


OUTPUT H 


24 


o 


Line receiver H output pin. 


OUTPUT A - 


25 


o 


Line driver A differential inverted output pin. 


OUTPUT A+ 


26 


o 


Line driver A differential non-inverted output pin. 


INPUT A 


27 


1 


Line driver A input pin. 


VCC 


28 


1 


Power supply pin. 



*Has internal pull-up resistor on input 
Receiver Functional table 
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ST31C32 RECEIVER AC TEST CIRCUIT 



Driver Functional table 



Enable 


Input 


Differential 


EKfferentiai 


A 




Non4nverted 


Inverted 






Output 


Output 
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X=Don't care 

Z=Three state (high impedance) 



ST31C32 



AC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vj^=5.0 V ± 5% unless otherwise specified. 

















Min 


Typ 




















Line Receiver Timing 














Propagation delay, input to output 




8 


10 


ns 


S1=VCC 




Propagation delay, input to putput 




18 


20 


ns 


S1=GND 




Output enable time 




18 


20 


ns 


Vo,P=2.5V 




Output disable time 




18 


20 


ns 


Vo,P=2.5V 




Line Driver Timing 














Propagation delay, input to output 




8 


10 


ns 


SI open 




Differential output rise and fall time 




8 


10 


ns 


SI open 




Output enable time 




18 


20 


ns 


SI close 




Output disable time 




18 


20 


ns 


S1 close 


T5 


Skew 




0.5 




ns 


SI open 



ST31C32 DRIVER AC TEST CIRCUIT 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150*' C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 

T^=25° C, V^jjj=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parairieter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














v,„ 


Enable high level 


2.0 






V 






Enable low level 






0.8 


V 




^ROH 


Receiver output high level 


3.8 






V 




^ROL 


Receiver output low level 






0.4 


V 




V 

*RID 


Receiver differential input level 


-0.2 




+0.2 


V 


RL=ioon 


^RH 


Receiver input hysteresis 




50 




mV 




'rin 


Receiver input current 






±1.0 


mA 




^RR 


Receiver input resistance 




10 




KQ 




'oc 


Operating cunrent 




200 








'oz 


Three state output leakage 




±2.0 




mA 




^DOH 


Driver input high level 


2.5 






V 






Driver output low level 






0.5 


V 




V 

^DOS 


Driver differential output level 


2.0 






V 


Rl=100 q 


Vooc 


Driver Common mode output voltage 






3.0 


V 


RL=ioon 


^DOD 


Driver difference in common mode 






0.4 


V 


RL=ioon 


output 












'din 


Driver input current 






±1.0 


mA 
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DIFFERENTIAL LINE RECEIVER TIMING 
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Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVERTTRANSMITTER 



OESCWPTION 



The ST16C450 is a universal asynchronous receiver 
and transmitter. A programmable baud rate genera- 
tor is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST16C450 is an Improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C450 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C450 
provides intemal loop-back capability for on board 
diagnostic testing. 

The ST16C450 is fabricated in an advanced 1.2|i 
CMOS process to achieve low drain power and high 
speed requirements. 
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FEATURES 

• Pin to pin and functional compatible to 
NS1 6450, VL1 6C450, WD1 6C450 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 



0RDERiN6 INFORMATION 



Part number 
ST16C450CP40 
ST16C450CJ44 
ST16C450CQ48 



Package Operating temperature 
Plastic-DIP 0° C to + 70° C 
PLCC 0** C to + 70° C 

TQFP 0° C to + 70° C 
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visual Type 


Pin Description 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RCLK 


9 


1 


Receive clock input. The extemal clock input to the 
ST16C450 receiver section if receiver data rate is different 
from transmitter data rate. 


RX 


10 


1 


Serial data input. The serial information (data) received 
from serial port to ST16C450 receive input circuit. A mark 
(high) is logic one and a space (low) Is logic zero. During the 
local loopback mode the RX input is disabled from extemal 
connection and connected to the TX output internally. 


TX 


11 


o 


Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CSO 


12 


1 


Chip select 1 (active high). A high at this pin enables the 
ST16C450 / CPU data transfer operation. 


CS1 


13 


1 


Chip select 2 (active high). A high at this pin enables the 
ST16C450 / CPU data transfer operation. 


CS2* 


14 


1 


Chip select 3 (active low). A low at this pin (while CS0=1 
and CS1=1) will enable the ST16C450 / CPU data transfer 
operation. 


BAUDOUT* 


15 





Baud rate generator clock output. This output provides the 
16x clock of the intemal selected baud rate. RCLK pin is 
connected externally to BAUDOUT* pin to provide the 
receiver clock. 


XTAL1 


16 


1 


Crystal input 1 or extemal clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the intemal 
oscillator circuit. An extemal clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 
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Symbol 


Pin 


Signal Type 


Pin Description 


XTAL2 


17 


1 


Crystal input 2 or buffered clock output. See XTAL1 . 


low* 


18 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


low 


19 


1 ■ 


Write strobe (active high). Same as lOW*. but uses active 
high input. Note that only an active lOW* or lOW input is 
required to transfer data from CPU to ST16C450 during 
write operation. All the unused pin should be tied to VCC or 
GND. 


GND 


20 


o 


Signal and power ground. 


lOR* 


21 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C450 data bus to the CPU. 


lOR 


22 


1 


Read strobe (active high). Same as lOR*, but uses active 
high input. Note that only an active lOR* or lOR input is 
required to transfer data from ST16C450 to CPU during 
read operation. All the unused pin should be tied to VCC 
or GND. 


DDIS* 


23 





Drive disable (active low). This pin goes low when the CPU 
is reading data from the ST16C450 to disable the external 
transceiver or logic's. 


CSOUT 


24 


o 


Chip select out. A high on this pin indicates that the 
ST16C450 has been enabled by the chip select pin. 


AS* 


25 


1 


Address strobe (active low). A low on this pin will latch the 
state of the chip selects and addressed register (A2-A0). 
This input is used when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS* input permanently low. 


A2 


26 


1 


Address select line 2. To select internal registers. 


At 


27 


^l- 


Address select line 1. To select internal registers. 


AO 


28 




Address select line 0. To select internal registers. 
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Pin 


Signal Type 


Pin Description 


N/C 


29 




No cx)nnection. 


INT 


30 


o 


Interrupt output (active high). This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver enror, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


OP2* 


31 


o 


General purpose output (active low). User defined output. 
See bit-3 modem control register (MCR bit-3). 


RTS* 


32 


o 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


33 


o 


Data terminal ready (active low). To Indicate that 
ST16C450 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1" at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


opr 


34 


o 


General purpose output (active low). User defined output. 
See bit-2 of modem control register (MCR bit-2). 


RESET 


35 


1 


Master reset (active high). A high on this pin will reset all 
the outputs and intemal registers. The transmitter output 
and the receiver input will be disabled during reset time. 


CTS* 


36 


1 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


37 


1 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 
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Symbot 


Pin 


Signal Type 


Pin Description 


CD* 


38 


1 


Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 




39 


1 


Ring detect indicator (active low). A lowonthis pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 


40 




Power supply Input. 



All unused input piiis should be tied to VCC or GND. 



PROGRAMMING TABLE 



iHli 


illiil 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Intenrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C450 ACCESSIBLE REGISTERS 



A2Ai AO 


{Register 


BIT-7 


BIT-e 


BIT^ 


BIT^ 


filT-3 


BlT-2 




lilllil 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-O 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 

















int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LGR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


OP2* 


OP1* 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
enror 


parity 
enror 


ovenrun 
error 


receive 
data 
ready 


1 i 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


11 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit'7 


bit'6 


bits 


bit'4 


bit'3 


bit'2 


bit-1 


bit-0 


1 


DLM 


bit-is 


bit'14 


bit'13 


bit-12 


bit'11 


bit'10 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to T when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiverstatus codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C450 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
X Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Intenrupt Enable Register (lER) masks the incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

lER BIT-0: 

0=disable the receiver ready interrupt. 
1 =enable the receiver ready intenrupt. 

lER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 



lER BIT-2: 

0=disable the receiver line status intenrupt. 
1=enable the receiver line status intenrupt. 

IERBIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register intenrupt. 

lERBITT^: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C450 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C450 
provides the highest intenrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular intenrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


III 


D1 


DO 


Source of the Interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 



ISR BIT-0: 

0=an intenrupt is pending and the ISR contents may be 
used as a pointer to the appropriate Intenrupt service 
routine. 

1=no interrupt pending. 



ISR BIT 1^2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set to "0". 
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LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BrT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit{s) 





5,6,7.8 


1 


1 


5 


1-1/2 


1 


6.7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCRBIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 



LCRBIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0= normal operation. 
1=select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCRBIT-1: 

O=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

0=set DPI* output to high. 
1=set OPr output to low. 



MCR BIT-3: 

0=set OP2* output to high. 
1=setOP2* output to low. 

MCR BIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*. DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*. RTS*. OP1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter intenrupts 
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are fully operational. The Modem Control Interrupts 
are also operational, but the Interrupts sources are 
now the lowerfour bitsof the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 



MCRBIT5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

O=nodata in receive holding register 

1=data has been received and saved in the receive 

holding register. 

LSRBIT-1: 

0=no overrun enror (normal). 

1 =overrun enror, next character arrived before receive 

holding register was emptied. 

LSRBIT-2: 

0= no parity enror (normal). 

1=parity enror, received data does not have correct 

parity information. 

LSRBIT-3: 

0=no framing error (normal). 

1=framing enror received, receiveddata did not have 

a valid stop bit. In 

LSR BIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSR BIT-5: 

0=transmit holding register is full. ST16C450 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 =transmitter holding and shift registers are empty. 



LSR BIT-7: 

Not used. Set to "0". 

MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to T whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C450 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C450 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C450 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C45P has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the Rl* input. 

MSRBlT-7: 

This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 
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SCRATCHPAD REGISTER (SR) 

ST1 6C450 provides a temporary data register to store 
8 bits of Information for variable use. 

BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


IS X CLOCK 
DIVJSOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C450 EXTERNAL RESET CONDITION 



ii6i|fii|::; 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1. ISR BITS 1-7=0 


LOR 


LOR BITS 0-7=0 


MGR 


MGR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR. BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 



SIGNAL 


RESET STATE 


TX 


High 


OP1* 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Low 
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AC ELECTRICAL CHARACTERISTICS 



T^=25* C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 


Mln 


Limits 
TvD 


Max 


Units 


Conditions 


1 


Clock high pulse duration 


50 






ns 


Note: 2 


2 


Clock low pulse duration 


50 






ns 


Note: 2 


3 


Clock rise/fall time 






10 


ns 




4 


Baud out rise/fall time 






100 


ns 


100 pF load 


5 


Address strobe width 


30 






lis 


6 


Address setup time 


15 






ns 




7 


Address hold time 


15 






ns 




8 


Chip select setup time 


5 






ns 




9 


Chip select hold time 









ns 






CSOUT delay from chip select 






10 


ns 






lOR* to DDIS* delay 






35 


ns 


100 pF load 




Data setup time 


15 






ns 


Note: 1 




Data hold time 


15 






ns 


Note: 1 


■•■,4 


low* delay from chip select 


10 






ns 


Note: 1 


T„ 


low* strobe width 


55 






ns 






Chip select hold time from lOW* 









ns 


Note: 1 




Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 






Data hold time 


15 






ns 




T„ 


lOR* delay from chip select 


25 






ns 


Note: 1 




lOR* strobe width 


65 






ns 






Chip select hold time from lOR* 









ns 


Note: 1 




Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T« 


Delay from lOR* to data 


25 






ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 


T« 


Delay to set interrupt from MODEM 
input 






70 


ns 


100 pF load 


"'"so 


Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T„ 


Delay from stop to set intenrupt 






'Rdk 


* 


100 pF load 


T3. 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 
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AC ELECTRICAL CHARACTERISTICS 



7^=25** C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 


Min 


Limits 
Typ 


Max 


Units 


Conditions 










T34 
N 


Delay from stop to interrupt 
Delay from lOW* to reset interrupt 
Baud rate devisor 


1 




100 
175 
216-1 


ns 
ns 





Note 1 : Applicable only when AS* is tied low. 
Note 2: 1 .8432 Mhz crystal or Extemal clock. 
* = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0**C to +70^*0 

Storage temperature -40'' C to +150'' C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25* C, V^=5.0 V ± 5% unless othen^^lse specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.6 


V 




V 

■ IHCK 


Clock input high level 


3.0 




vcc 


V 






Input low level 


-0.5 




0.8 


V 






Input high level 


2.2 




VCC 


V 






Output low level on all outputs 






0.4 


V 


lo = 6mA 


VoH 


Output high level 


2.4 






V 


lo„= -6 mA 


Ice 


Avg. power supply current 




6 




mA 


>.L 


input leakage 






±10 


mA 






Clock leakage 






±10 


mA 
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CLOCK TIMING 



EXTERNAL 
CLOCK 



T2 



T3 



1^ ^ 




^ 1 


/ \ , 

T1 i\ — ' 

<— ►! 


^ ^ ^ 


< ^ ^ M 




CLOCK PERIOD CLOCK PERIOD 



BAUDOUT* TIMING 

T4 T4 

BAUDOUr 




1/2 BAUDOUr 



1/3 BAUDOUr 



1/3>BAUD0Lrr 
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GENERAL READ TIMING 



T5 

h4— >l 



AS* 



A0-A2 



CS2* 
CS1-CS0 



lOR* 
lOR 



CSOUT 



DDIS* 



T6 N H 



: T8 , 
N 



T10 -w 



T7 



T21 — ►! T23 ^724 T25 




T11 T11 



T26 M H 1^ T19 



T9 



D0-D7 
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MODEM TIMING 



low* 
low 



RTS* 

DTR* 



T28 



CD 

CTS 

DSR 



INTx 



T29 



T29 



T30 



T29 



lOR* 
lOR 



Y 



Rl 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 
lOR 



START BIT 
N w 



DATA BITS (5-8) 



STOP BIT 



DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BUS 




■ 



^ _ : ^ _ . M 

16 BAUD RATE CLOCK 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 
low 



START BIT 
w w 



DO 



T33 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



STOP BIT 

-W \4 W 



D6 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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STARTECH ST16C1451 

Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVERn"RANSMITTER 



DESCRIPTION 



The ST16C1 450/51 is a universal asynchronous re- 
ceiver and transmitter. A programmable baud rate 
generator Is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST16C1 450/51 is an improved version of the SSI 
73M1550 and SSI 73M2550 UART with higher oper- 
ating speed and lower access time. The ST16C1450/ 
51 on board status registers provides the enror 
conditions, type and status of the transfer operation 
being performed. Included Is complete MODEM con- 
trol capability, and a processor intenrupt system that 
may be software tailored to the user's requirements. 
The ST1 6C1 450/51 provides intemal loop-back capa- 
bility for on board diagnostic testing. 
The ST16C1 450/51 is fabricated in an advanced 1 .2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 
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FEATURES 



» Pin to pin and functional compatible to SSI 
73M1550/2550 

^ Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

► Programmable character lengths (5, 6, 7, 8) 

» Even, odd, or no parity bit generation and detection 
» Software compatible with iNS8250, NS16C550 
* 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 

► 28 Pin plastic-Dip and PLCC package 

► Pin-to-pin compatible to ST1 6C1 550/1 551 



ORDERING INFORMATION 



Part number 

ST16C1450CP28 

ST16C1450CJ28 

ST16C1450CQ48 

ST16C1451CP28 

ST16C1451CJ28 

ST16C1451CQ48 



Package Operating temperature 



Plastlc-DIP 

PLCC 

TQFP 

Plastlc-DIP 

PLCC 

TQFP 



0°C 
0^*0 
0**C 
0**C 
0**C 



to + 70*' C 
to + 70** C 
to + 70"C 
to + 70" C 
to + 70" C 



0" C to + 70" C 



PLCC Package 



8 S 5 S § g S 



D4 [T 

D« d 

07 [jl 

RX Gl 

TX Oii 

cs* Gi 



ST16C1461CJ28 



S] CTS' 
S] REST 
DTR* 

iD AO 
^ A1 
jal A2 



s 11 M i £ 



ST16C1451 



'Industrial operating range are available. 



ST16C1450/51 



INTERRUPT 
LOGIC 



XTAL1 — 
XTAL2 ^ 



CO 



o 



I 



CONTROL 
LOGIC 



BAUD RATE 
GENERATOR 



RECEIVE 
CONTROL 
LOGIC 
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9 
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^ RTS*. DTR* 



CTS*. DSR* 
CD*, Rl* 



TRANSMIT 
CONTOL 
LOGIC 
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ST16C1451 3 
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(JO 



D0-D7 
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CS* 
lOR*. low* 
RESET 

RST 
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Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer Information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 


9 


1 


Serial data input. The serial information (data) received 
from serial port to ST16C1450 receive input circuit. A mark 
(high) is logic one and aspace (low) is logic zero. Duringthe 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output intemally. 


TX 


10 


O 


Serial data output. The serial data is transmitted via this pin 
with additional start . stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 


11 


1 


Chip select (active low). A low at this pin enables the 
ST1 6C1 450 / CPU data transfer operation. 


XTAL1 


12 


1 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
intemal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


13 


1 


Crystal input 2 or buffered clock output. See XTAL1. 


low* 


14 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 


15 


o 


Signal and power ground. 


lOR* 


16 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1450 data bus to the CPU.. 


Rl* 


17 


1 


Ring detect indicator (active low). A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


INT 


18 





Interrupt output, (three state /active high) This pin goes high 
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Symbol 


Piil 


Signal Typ6 


pin Description 








(when enabled by the Intenrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


A0-A2 


21-19 


1 


Address select line. To select internal registers. 


RTS* 


22 


o 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a T in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


23 


o 


Data terminal read (active low). To Indicate that 
ST16C1450 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-Owill set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


24 


1 


Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


25 


1 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR bit-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


26 


1 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 


27 


1 


Canier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 


28 


1 


Power supply input. 
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Syrribot 


Pin 


Signal Type 


Pin Description 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 


9 


1 


Serial data input. The serial information (data) received 
from serial port to ST16C1451 receive input circuit. A mark 
(high) is logic one and a space (low) is logiczero. During the 
local loopback mode the RX input is disabled from extemal 
connection and connected to the TX output internally. 


TX 


10 


o 


Serial data output. The serial data is transmitted via this pin 
with additional start . stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 


11 


1 


Chip select (active low). A low at this pin enables the 
ST16C1451 / CPU data transfer operation. 


CLK 


12 


1 


Extemal clock input. An extemal clock can be used to clock 
internal circuit and baud rate generatorfor custom transmis- 
sion rates. 


low* 


13 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 


14 


o 


Signal and power ground. 


lOR* 


15 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1451 data bus to the CPU. 


Rl* 


16 




Ring detect indicator (active low). A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


RST 


17 


o 


Reset output (active high). The ST16C1451 provides a 
buffered reset output which is gated internally with MCR bit- 
2. 
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Pin Description 


INT 


18 


o 


Interrupt output, (three state/active high) This pin goes high 
(when enabled by the interrupt enable register) whenever a 
receiver enror, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


A0-A2 


21-19 


1 


Address select line. To select Intemal registers. 


RTS* 


22 


o 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a T in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


23 


o 


Data terminal read (active low). To indicate that 
ST16C1451 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR blt-0 will setthe DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


24 


1 


Master reset (active high). A high on this pin will reset all the 
outputs and intemal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


25 


1 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


26 


1 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 


27 


1 


Canier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 


28 


1 


Power supply input. 
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CD 

(O PROGRAMMING TABLE 



A2 


A1 


Ad 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transnnit Holding Register 








1 




Intenrupt Enable Register 





1 





Interaipt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratclipad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



All unused input pins should be tied to VCC or GND. 



5, - 5j U H 

Q p z a z > 



[~T~ O "lelN.c. 



N.C. 

N.C. I 2 35 I N.C. 

D4 I 3 34 I CTS* 

D5 I 4 33 I RESET 

D6 I 5 32 I UTR* 

^tL] ST16C1450CX548 jFJaTS* 

30 I AO 
29 I N.C. 
28 I Al 
27 I A2 
26 I N.C. 
25 I N.C. 



RxQ" ST16C1451CQ48 

TX I 8 

CS* I 9 

N.C. I 10 

N.C. I 11 

N.C. I 12 



o cJ 3 3 t 
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ST16C1 450 ACCESSIBLE REGISTERS 



A2A1 AO 




BrT-7 






Bft-i 


err-? 


BIT-2 


BIT'1 


BfT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 








0/ 
special 
mode 





modem 
status 
interrupt 


receive 
line 
status 
intenrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 

















int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
Darity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 


0/power 
down 








loop 
back 


INT 
enable 


SOFT 
reset 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans. 

holding 

empty 


break 
intenrupt 


framing 
enror 


parity 
enror 


overrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


11 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


biU7 


bit'6 


bH'S 


bit'4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit'15 


bit'14 


bit'13 


bit'12 


bit'H 


bit-10 


bit-9 


bits 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 



3-31 



ST16C1450 
i ST16C1451 

lO 

O 

(D 
r- 

<o ST16C1451 ACCESSIBLE REGISTERS 



A2A1A0 


Register 


BIT-7 


BUS 


■llll 


iliiii 


BIT-3 


BIT-2 


BMA 


BIT^ 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 








0/ 
special 
mode 





modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


10 


ISR 

















int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


10 


MCR 


0/power 
down 








loop 
back 


INT 
enable 


SOFT 
reset 


RTS* 


DTR* 


10 1 


LSR 





trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
enror 


ovenrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bH'7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-is 


bit-14 


bit-13 


bitr12 


bit-11 


bit-10 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 Is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register(LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register Is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transfenred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On thefalling edge of the stiart bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit Is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Recelverstatus codes will 
be posted In the Line Status Register. 

PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C1 450/51 contains a programmable Baud 
Rate Generator that is capable of taking any clock 
input from DC-8 MHz and dividing it by any divisor 
from 1 to2^«-1 . The output frequency of the Baudout* 
is equal to 16X of transmission baud rate 
(Baudout*=16x Baud Rate). Customize Baud Rates 
can be achieved by selecting proper divisor values for 
MSB and LSB of baud rate generator. 



IERBIT-0: 

0=dlsable the receiver ready intenrupt. 
1 =enable the receiver ready intenrupt. 

IERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IERBIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IERBIT-3: 

0=disable the modem status register intenrupt. 
1=enable the modem status register Interrupt. 

IERBlT-5: 

O=normal ST16C450 mode. 

1=special mode. Enable power down and SOFT rest. 

lER BIT 4,6-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C1 450/51 provides four level prioritized 
Intenrupt conditions to minimize software overhead 
during data character transfers. The Intenrupt Status 
Register (ISR) provides the source of the Interrupt in 
prioritized matter. During the read cycle the 
ST1 6G1 450/51 provides the highest Intenrupt level to 
be serviced by CPU. No other interrupts are acknowl- 
edged until the particular intenrupt Is serviced. The 
following are the prioritized Interrupt levels: 



INTERRUPT ENABLE REGISTER (lER) 

The Intenrupt Enable Register (I ER) masksthe Incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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Priority levels 



p 


D2 


D1 


DO 


Source of the interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR ([\/lodem Status Regis- 










ter) 



ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no intenrupt pending. 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority Interrupt pending. 

ISR bit 3-7: 
Not used 

LINE COISITROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BlT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BlT-2 


Word length 


Stopbit(s) 





5.6.7.8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LGRBIT-3: 

Parity or no parity can be selected via this bit. 
0= no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCRBIT4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or octd parity format 

0=ObD parity is generated by forcing an odd number 
of 1 's in the transmitted data^ receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCRBIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
T in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to 
"0" in the transmitted and received data, 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating concjition, 
1=forces thetransmitteroutput (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The internal baud rate counter latch enable (DLEN). 

O=normal operation. 

1 ^select divisor latch register. 
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MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1 =force DTR* output to low. 

MCRBIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCRBIT-2: 

O=normal operation. 

1=software reset/ set RST output to high. 



MCRBIT-3: 

0=set INT output pin to three state mode. 
1=set INT output pin to normal operation mode. 

MCRBIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , GTS*, DSR*, CD*, and Rl*are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, SOFT 
reset and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Intenrupts 
are also operational, but the intenrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 



MCR BIT 5-6: 

Not used. Are set to zero permanently. 

MCRbit-7: 

O=normal mode. 

1=powerdown mode. XTAL1, XTAL2, and baud rate 
generators are disabled. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=data has been received and saved In the receive 

holding register. 

LSRBIT-1: 

0=no overrun enror (normal). 

1 =ovenrun en-or, next character arrived before receive 

holding register was emptied. 

LSRBIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. 

LSRBIT-3: 

0=no framing enror (normal). 

1 =framing enror received, received data did not have 

a valid stop bit. 

LSRBIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSRBIT-5: 

0=transmit holding register is full. ST16C1 450/51 will 
not accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSRBIT-6: 

0=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. 

LSRBIT-7: 

Not used. 
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MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the nnodem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information/These bits are set to T whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSRBIT-O: 

Indicates that the CTS* input to the ST16C1 450/51 
has changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C1 450/51 
has changed state since the last time it was read. 

MSRBIT.2: 

Indicates that the Rl* input to the ST16C1 450/51 has 
changed from a low to a high state. 

MSRBIT-3: 

Indicates that the CD* input to the ST1 6C1 450/51 has 
changed state since the last time it was read. 

MSRBIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSRBIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to SOFT reset In the MCR during 
local loop-back mode. It is the compliment of the Rl* 
input. 

MSRBIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 



SCRATCHPAD REGISTER (SR) 

ST16C1 450/51 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 X CLOCK 


% ERROR 




DIVISOR 




50 


2304 




75 


1536 




110 


1047 


0.026 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C1 450/51 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0. 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 
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SIGNALS 


RESET STATE 


TX 

SOFT reset 
RTS* 
DTR* 
INT 


High 
High 
High 
High 

Three state mode 



ST16C1450 Plastic-DIP Package 



DO 


E 






vcc 


D1 


[I 






CD* 


D2 


K 






DSR* 


D3 


K 




il 


CTS* 


D4 


M 






RESET 


D5 


H 


s 




DTR* 


D6 


E 


I50CI 




RTS* 


D7 


[I 


I6C1' 




AO 


RX 


[I 






A1 


TX 








A2 


CS* 






iH 


INfT 


XTAL1 








Rr 


XTAL2 








lOR* 


low 








GND 



ST16C1451 P4astic-DIP Package 



DO 


E 




il 


VCC 


D1 


E 






CD* 


D2 


E 




il 


DSR* 


D3 


E 




il 


CTS* 


04 


E 




il 


RESET 


D5 


E 






DTR* 


D6 


E 


i 

If) 




RTS* 


D7 


E 


s 


il 


AO 


RX 


E 


CO 




A1 


TX 


E 




il 


A2 


CS* 


E 




il 


11^ 


CLK 


E 






RST 


KDW 


i 




]3 


Rr 


GND 






il 


ICR* 
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(0 ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 
Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0^ C to +70** C 

Storage temperature -40° C to+ISO'^C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 














^ILCK 


Clock Input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 






Input low level 


-0.5 




0.8 


V 






Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


loL= 6 mA 


^OH 


Output high level 


2.4 






V 


loH=-6mA 


«cc 


Avg. power supply current 




6 




mA 




1.L 


Input leakage 






±10 


mA 






Clock leakage 






±10 


mA 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vgg=5.0 V ± 5% unless otherwise specified. 









Lill|l|i9 






VwPfUlMViia 






Min 




Max 
















T 


Clock hiah Dulse duration 


50 






ns 


Note: 1 


T 

•2 


dnrk low niilQP rliiratinn 








no 


Notp- 1 


T 
'3 


Clock ri^p/fall fimp 






10 


ns 




T, 


Chlo^plpct ^ptun timp 


5 






ns 




T 
'9 


ChiD select hold time 









ns 




T 
' 12 


Data setup time 


15 






ns 




' 13 


Data hold time 


15 






ns 




T 


low* delay from chip select 


10 






ns 




T„ 


low* strobe width 


50 






ns 




T 

' 16 


ChiD select hold time from lOW* 

\i^l Ilk/ wWIW\/C 1 l\/lvl 1,11 1 Iw 1 1 \/i 1 1 IV^WV 









ns 




17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T,5+T^7 


105 






ns 




T„ 


Data hold time 


15 






ns 




T„ 


lOR* delay from chip select 


10 






ns 






lOR* strobe width 


65 






ns 






Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


105 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 


T« 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 


input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


too pF load 


T„ 


Delay from stop to set interrupt 






1 

'Rdk 




100 pF load 


T» 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from lOW* to reset intenrupt 






175 


ns 




N 


Baud rate devisor 


1 
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Note 1 : 1 .8432 MHz crystal or External clock 
* = Baudout* cycle 
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A0-A2 



CSx* 



low* 



D0-D7 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 



DATA BITS (5-8) 



STOP BIT 

-W N ►! 



DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



PARrrYBIT 




16 BAUD RATE CLOCK 
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TXOUT 



INTx 



low* 



STOP BIT 

>l N W 




16 BAUD RATE CLOCK 
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STARTECH ST16C2450 

Printed February 23, 1994 

DUAL UNIVERSAL ASYNCHRONOUS RECEIVERTTRANSMITTER 



DESCRiPTlON 



PLCC Package 



The ST16C2450 is a dual universal asynchronous 
receiver and transmitter. Independent programmable 
baud rate generators are provided to select transmit 
and receive clock rates from 50Hz to 448kHz for each 
UART section. 

The ST16C2450 is an improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C2450 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor intenrupt system that may be software 
tailored to the user's requirements. The ST16G2450 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C2450 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



OS 


s 






RESET 


D« 


{± 




55] 


DTRB* 


D7 


[I 




IE 


DTRA* 


RXB 


Qo 




H] 


RT8A' 


RXA 


\E 




Is] 


OPA* 


N.C. 


m 


SrieC2450CJ44 


H] 


N.C. 


TXA 


[» 




m 


INTA 


TXB 


Qi 




m 


INTB 


ope* 






m 


AO 


CSA* 


m 




m 


At 


CS8' 






Ml 


A2 



Plastic-DIP Package 



FEATURES 



• Functional compatible to NS16450, VL16C450, 
WD16C450 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C2450CP40 Plastic-DIP 0" C to + 70** C 
ST16C2450CJ44 PLCC 0" C to + 70** C 

^Industrial operating range are available 
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D5 


K 






RESET 
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NTS 


OPB* 
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CTSB* 


XTAL2 
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RTSB* 
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CDB* 








DSRB* 


GND 








DR* 
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INTERRUPT 
LOGIG 



XTAL1 
XTAL2 



—1 # M 



CONTROL 
LOGIC 



o 

g 

i 



CD 

r" 
O 
O 

a 





DATA 




BUS 




RTSA*. DTRA* 
^ OPA*.OPB* 
RTSB*. DTRB* 



CTSA*. DSRA* 
CTSB*. DSRB* 
CDA*.RIA* 
CDB*.RIB* 



RECEIVE 
CONTROL 
LOGIC (DUAL) 



TRANSMrr 
CONTOL 
LOGIC (DUAL) 
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SYMBOL DESCRIPTION 





Pin 


SignaiType 


Fill Pe^criptloD 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX A/B 


10,9 


1 


Serial data input A/B. The serial information (data) received 
from serial port to ST16C2450 receive input circuit. A marie 
(high) is logic one and a space (low) is logic zero. During the 
local loopbatk mode the RX input is disabled from extemal 
connection and connected to the TX output intemally. 


TXA/B 


11,12 


o 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be tield in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


CSA/B* 


14,15 


1 


Chip select A/B. (active low) A low at this pin enables the 
ST16C2450 / CPU data transfer operation. 


XTAL1 


16 


1 


Crystal input 1 or extemal clock input. A crystal can be 
connected to this pin and XTAi-2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorfor custom transmis- 
sion rates. 


XTAL2 


17 


1 


Crystal input 2 or buffered clock output. See XTAL1. 


low* 


18 


1 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR* 


21 


1 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C2450 data bus to the CPU. 


A0-A2 


28-26 


1 


Address select lines. To select intemal registers. 


INT A/B 


30,29 





Intenrupt output A/B. (active high) This pin goes high (when 
enabled by the intenrupt enable register) whenever a re- 
ceiver enror, receiver data available, transmitter empty, or 
modem status condition flag is detected. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin De^oription 


OPA/B* 


31.13 


o 


Interrupt enable output (active low). This pin stays high 
when INT out pin is set to three state mode and goes low 
when INT pin is enabled via 0P2*. See bit-3 modem control 
register (MCR bit-3). 


RTS A/B* 


32.24 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


DTR A/B* 


33.34 


o 


Data temiinal ready A/B (active low). To indicate that 
ST16C2450 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "I " at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


35 


1 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTSA/B* 


36,25 


1 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


DSRA/B* 


37,22 


1 


Data set ready A/B (active low) . A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD A/B* 


38.19 


1 


Carrier detect A/B (active low). A low on this pin indicates 
the cam'er has been detected by the modem. 


Rl A/B* 


39,23 


1 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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SYMBOL DESCRIPTION 





Pin 


3i9riaiType 


Pin pe$criptioD 


vcc 

GND 


40 
20 


1 

o 


Power supply input. 
Signal and power ground. 



PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Intenrupt Enable Register 





1 





Intenrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C2450 ACCESSIBLE REGISTERS A/B 



A2A1 Ad 


llliiiilllli 


BtT-7 


BIT-6 


BlT-5 


iilHI 


iliiii 


BIT-2 


BIT-1 


BtT-0 





RHR 


blt-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
intenrupt 


receive 

line 
status 

infprnint 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 

















int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


OP2/ 
INT 
enable 


Not 
used 


RTS* 


DTR* 


10 1 


LSR 





trans, 
ennpty 


trans. 

holding 

empty 


break 
interrupt 


framing 
enror 


parity 
error 


overrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bits 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit'15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR blt-7 Is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS A/B 



TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided In the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register whenever 
the transmitter holding register or transmitter shift 
register is empty. The transmit holding register empty 
flag will be set to "1 " when the transmitter is empty or 
data is transferred to the transmit shift register. Note 
that a write operation should be performed when the 
transmit holding register empty flag is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C2450 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2^^ -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
xBaud Rate). Customize Baud Rates can be achieved 
by selecting proper divisor values for MSB and LSB of 
baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) masks the 
incoming interrupts from receiver ready, transmitter 
empty, line status and modem status registers to the 
INT output pin. 



lER BIT4): 

0=disable the receiver ready intenrupt. 
1=enable the receiver ready intenrupt. 

lER BIT-1: 

0=disable the transmitter empty intenrupt. 
1=enable the transmitter empty interrupt. 

lER BIT-2: 

0=disable the receiver line status interrupt. 
1 =enable the receiver line status intenrupt. 

lER BIT-3: 

0=disable the modem status register intenrupt. 
1=enable the modem status register Intenrupt. 

IERBIT4.7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C2450 provides four level prioritized 
interrupt conditions to minimize software overhead 
during data character transfers. The Intenrupt Status 
Register (ISR) provides the source of the interrupt in 
prioritized matter. During the read cycle the ST1 6C2450 
provides the highest intenrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


D2 


D1 


DO 


Source of the Interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 
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ISRBIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no intenrupt pending. 
ISR BIT 1-2: 

Logical combination ofthese bits, provides the highest 
priority intenrupt pending. 

iSRBIT3-7: 

These bits are not used and are set to "0". 



LINE CONTROL REGISTER (LCR) 



LCRBIT^3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit isenabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 



The Line Control Register is used to specify the 
asynchronous data communication format. The 
number of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bitsspecify the word length to be transmitted 
or received. 



BIT-1 


BIT-0 


Worci length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length \ 


Stop bit(s) 





5.6,7.8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCRBIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCRBIT-6: 

Break control bit. it causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The internal baud rate counter latch enable (DLEN). 

O=normal operation. 

1 =select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 
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MCR BIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCR BIT.2: 

not used except in local loop-back mode. 



MCRBrT-3: 

0=set INT output pin to three state mode and OP2* 
output to high. 

1=set INT output pin to nomial operating mode and 
OP2* output to low. 

MCRBIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*. DSR*. CD*, and Rl* are 
disabled. Intemally the transmitter output is connected 
to the receiver input and DTR*, RTS*, MCR bit-2 and 
OP2*/INT enable are connected to modem control 
Inputs. 

In this mode . the receiver and transmitter inten-upts 
are fully op^rational. The Modem Control Intenrupts 
are also operational, but the intenrupts sources are 
now the lowerfourbitsof the Modem Control Register 
instead of the four Modem Control inputs. The intenrupts 
are still controlled by the lER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

0=no data in receive holding register 

1=data has been received and saved in the receive 

holding register. 

LSRBIT-1: 



0=no ovenrun enror (normal). 

1 =ovenrun enror, next character arrived before receive 

holding register was emptied. 

LSR BIT-2: 

0=no parity enror (nonnal). 

1=parity error, received data does not have correct 
parity information. 

LSRBIT-3: 

0=no framing error (normal). 

1=framing enror received, received data did not have 

a valid stop bit. In 

LSRBIT-4: 

0=no break condition (nonnal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSRBIT-5: 

0=transmit holding register is full. ST16C2450 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSRBIT-6: 

0=transmitter holding and shift registers are full; 
1=transmitter holding and shift registers are empty. 

LSRBIT-7: 

Not used. Set to -0". 



MODEM STATUS REGISTER (MSR) 

This register provides the cunrent state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
infomhation. These bits are set to T whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C2450 has 
changed state since the last time it was read. 



3-53 



o 

lO 
CM 

O 



CO 



ST16C2450 



MSRBIT-1: 

Indicates that the DSR* input to the ST16C2450 has 
changed state since the last time It was read. 

MSRBIT-2: 

Indicates that the Rl* input to the ST16C2450 has 
changed from a low to a high state. 

MSRBIT-3: 

Indicates that the CD* input to the ST16C2450 has 
changed state since the last time it was read. 

IVISRBIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSRBIT-5: 

This bit Is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSRBIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSRBIT-7: 

This bit is equivalent to OP2*/INT enable in the MCR 
during local loop-back mode. It is the compliment to 
the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1". a 
MODEM Status Intenrupt is generated. 



SCRATCHPAD REGISTER (SR) 

ST16C2450 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 X CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C2450 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


TX 


High 


0P2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state mode 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


ICR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0. 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0. 




MSR BITS 4-7=lnput signal 
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AC ELECTRICAL CHARACTERISTICS 



1^=25** C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 
















T 
' 1 


Clock high pulse duration 


50 






ns 




T 

'2 


Clock low pulse duration 


50 






ns 


External clock 




Clock rise/fall time 






10 


ns 




T. 

8 


Chip select setup time 


15 






ns 




' 9 


Chip select hold time 









ns 




12 


Data set up time 


15 






ns 




13 


Data hold time 


15 






ns 






low* delay from chip select 


10 






ns 




15 


low* strobe width 


50 






ns 




Tie 
16 


Chip select hold time from lOW* 









ns 






Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 






Data hold time 


15 






ns 




T,i 


lOR* delay from chip select 


10 






ns 






lOR* strobe width 


65 






ns 




T 

'24 


Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 


T2. 


Delay to set intenrupt from MODEM 






70 


ns 


100 pF load 


input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pF load 




Delay from stop to set intenrupt 






^Rdk 


ns 


100 pF load 


T32 


Delay from lOR* to reset Interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenupt 






100 


ns 




T35 


Delay from lOW* to reset interrupt 






175 


ns 




N 


Baud rate devisor 


1 




216-1 







Note 1: *= Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70** C 

Storage temperature -40° C to +150** C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 

7^=25° C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






iliiii 


Typ 


Max 














V 

* ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 




V, 


Input low level 


-0.5 




0.8 


V 






input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iql= 6 mA 




Output high level 


2.4 






V 


Iq„= -6 mA 


"cc 


Avg power supply current 






6 


mA 


«.L 


Input leakage 






±10 


ma 




"CL 


Clock leakage 






±10 


MA 
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MODEM TIMING 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 



START BIT 

N W 



DO 



T33 



DATA BITS (5-8) 



STOP BIT 
-w 1^ w 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 




6 DATA BITS 



7 DATA BITS 



1^ H 

NEXT 
DATA 
START BIT 

-t- T34 



T35 



3 



16 BAUD RATE CLOCK 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 

W 



DO 



DATA BITS (5-8) 



STOP BIT 
-w \< >i 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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ST16C454 

Printed February 23, 1994 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The ST16C454 is a quad universal asynchronous 
receiver and transmitter. A programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST16C454 is an improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C454 on board status 
registers provides the en-or conditions, type and 
status of the transfer operation being perfonned. 
Included Is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C454 
provides internal loop-back capability for on bdard 
diagnostic testing. 

The ST16C454 is fabricated in an advanced 1.2^1 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 



DSRA* Qo 

CTSA* Ql 

DTRA* \n 

VCC (w 

RTSA- GS 

INTA Qg 

CSA' (5 

TXA [n 

low Ql 

TXB Qi 

CSB" S 

INTB \£ 

RTSB* 

GND Si 

DTRB" 

CTSB- 



Sri6C454CJ68 



M) DSRD" 

m] ctso* 

m] dtrd* 

87] GND 

K] RTSO' 

56l INTD 

SI cso- 

m] TXD 

a] 'OR* 

Si] TXC 
CSC 

ja] INTO 

50 RTSC* 

Sa VCC 

2 DTRC* 
CISC* 
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FEATURES 



► QuadST16C450 

► Pin-to-pin compatible to ST16C554 

► Modem control signals (CTS*, RTS*, DSR*, DTR*. 
Rl*, CD*) 

► Programmable character lengths (5, 6, 7, 8) 

» Even, odd, or no parity bit generation and detection 

► Status report register 

► Independent transmit and receive control 
» TTL compatible inputs, outputs 

► 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C454CJ68 PLCC 0° C to + 70" C 

ST16C454IJ68 PLCC -40** C to + 85" C 
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INTERRUPT 
LOGIC 



XTAL1 
XTAL2 



73 I- 
O O 
C O 
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^ o > 
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CONTROL 
LOGIC 



BAUD RATE 
GENERATOR 
(QUAD) 



RECEIVE 
CONTROL 
LOGIC (QUAD) 



o 
o 

6 



1 



00 

r- 
O 

o 

D 





DATA 




BUS 



8^ 

O m 
|8 

So 



RTSA*.DTRA* 
RTSB*.DTRB* 
RTSC*.DTRC* 
RTSD*.DTRD* 



TRANSMIT 
CONTOL 
LOGIC (QUAD) 



CTSA*. DSRA* 
CTSB*.DSRB* 
CDA*.RIA* 
CDB*.RIB* 
CTSC*. RTSC 
CDC*.RIC* 
GTSD*. RTSD* 
CDD*.RID* 



o > 

O DO 
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SYMBOL DESCRIPTION 



oynriDQi 




Sic^ndi Type 


rin uescnpiion 


UU-U/ 


Aft 




Di-Clir6Cll0nal Uala DUS. dyill Ull, inrce olal6 Qala DUS lO 








transfer information to or from the CPU. DO Is the least 








significant bit of the data bus and the first serial data bit to 








UC ICUdVCU Ul 11 Cli iol 1 IIIICU. 


RY A.D 
rvA /A~D 


7 9Q 






rvA O-U 


*r 1 ,DO 


1 
1 


Ot^lldl Udld ilipui. i lie oclldl IlliUiilidllUli I^Udld^ ICUdVC/U 








from serial oort to ST16C454 receive inout circuit A mark 








(high) is logic one and a space (low) is logic zero. During the 








local loopback mode the RX input is disabled from extemal 








connection and connected to the TX output intemally. 


TXA-B 


17,19 












Qoriol Hsata m it ni it Xho corial Hata ictrancmittc^H x/ia thicnin 
OCrl Idl Udld UUipUL. 1 1 Ic oCI Idl Udld lo Li dlloM IILIC;U Xr Id 11 Ho pill 








Will 1 dUUIllUI Idl oldl I , oiup dl lU pdi iiy Uiio. IMC 1 /vwiii uc 1 iciu 








III iiidiiv ^iiiyiiy oidic uui my icoci, iultcii luupudoiv iiiuuc ui 








when the transmitter is disabled. 


CS A-B* 


16,20 










1 
1 


wiiip ocicui ^doiiVv? iuwy. r\ luw di 11 HO pill diauico iiic? 








ST16C454 / CPU data transfer operation. Each UART 








section of the ST16C454 can be accessed independently. 


XTAL1 


35 


1 


Grvstal innut 1 or pxtprnal nionk innut A crvstal can be 








rnnnprfpH tn thi^ nin and YTAI 9 nin to iitiliyp thp intpma! 

OUI lilColCU lU 11 HO pill dllU /\ 1 r\l—^ pill l.\J UIIIIZ.C 11 io illldiiai 








oscillator circuit. An extemal clock can be used to clock 








internal circuit and baud rate generator for custom transmis- 








sion rates. 


XTAL2 


36 





Crystal input 2 or buffered clock output. See XTAL1. 


low* 


18 


[ 


Write strobe (active low). A low on this pin will transfer the 








contents of the CPU data bus to the addressed register. 


GND 


6,23 






GND 


40,57 


o 


Signal and power ground. 


lOR* 


52 


1 


Read strobe (active low.) A low level on this pin transfers 








the contents of the ST16C454 data bus to the CPU. 


RXRDY* 


38 





Receive data ready (active low). This pin is the inverted 








output of internally "or-ed" four received data (LSR Bit-0) 








bits. Goes low when one of the UART's contains data in the 








receive holding register. 
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Symbol 


Pin 


Signal Type 


Pin Description 


TXRDY 


39 


o 


Transmit ready (active high). This pin is the output of 
internally "or-ed" four transmit empty signals (LSR Bit-6). 
This pin stays low when all four transmitters are empty. 


A2 


32 


1 


Address select line 2. To select internal registers. 


At 


33 


1 


Address select line 1 . To select internal registers. 


AO 


34 


1 


Address select line 0. To select internal registers. 


INT A-B 
INT C-D 

RTS A-B* 
RTS C-D* 

DTRA-B* 

U 1 K U-U 


15,21 
49,55 

14,22 
48,56 

12,24 

ACt CO 


o 
o 

o 


Interrupt output, (active high) This pin goes high (when 
enabled by the intenrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 

Request to send, (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" In the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 

Data terminal ready, (active low) To indicate that 
ST16C454 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1" atthe MCR bit-0 will set the DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


37 


1 


Master reset, (active high) A high on this pin will reset ail the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS A-B* 
CTS C-D* 


11,25 
45,59 


1 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 
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3ymboj 


Pin 


Signal Typ0 


Pin pe^crlptjon 


DSR A-B* 


10,26 






DSRC-D* 


44,60 


1 


Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD A-B* 


9,27 






CD C-D* 


43,61 


1 


Canier detect, (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


Rl A-B* 


8.28 






RIC-D* 


42,62 


1 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 


13,30 






VCC 


47,64 


1 


Power supply input. 



PROGRAMMING TABLE 



A2 


Ai 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C454 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BIT-7 


BlT-e 


111111 






liiill 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


10 


ISR 

















int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
error 


parity 
error 


ovenrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-T 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-is 


bit-14 


bit-13 


bit-IZ 


bit-11 


bit-1 


bit-9 


bits 



DLL and DLM an accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided In the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "V when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C454 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2^^ -1. The output frequency of the Baudout* is 
equalto16X of transmission baud rate (Baudout*=16 
X Baud Rate). Gustomize Baud Rates can be 
achieved by selecting properdivisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IERBIT-0: 

0=disable the receiver ready intenrupt. 
1 =enable the receiver ready intenrupt. 



lER BIT-1: 

0=disable the transmitter empty intenrupt. 
1=enable the transmitter empty intenrupt. 

IERBIT-2: 

0=disable the receiver line status intenrupt. 
1 =enable the receiver line status interrupt. 

IERBIT-3: 

0=disable the modem status register intenrupt. 
1=enable the modem status register intenrupt. 

IERBIT7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (iSR) 

The ST16C454 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C454 
provides the highest interrupt level to be serviced by 
CPU. No other intenrupts are acknowledged until the 
particular intenrupt is serviced. The following are the 
prioritized intenrupt levels: 



Priority level 



P 


D2 


Di 


DO 


Source of fh« ifiterrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 



ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
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ISRBIT1-2: 

Logical combination of these bits/ provides the high- 
est priority intenrupt pending. 

ISRBIT3-7: 

These bits are not used and are set to "0". 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5.6,7.8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCRBlT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 



LCRBIT-4: 

If the parity bit is enabled, LCRBIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCRBIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity fomnat 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=norma1 operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 

MODEM CONTROL REGISTER (MGR) 

This register controls the intert'ace with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCR BIT-1: 

O=force RTS* output to high. 
1 =force RTS* output to low. 

MCRBIT-2: 

Not used except, in intemal loop-back mode. 
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MCR BIT-3: 

0=set INT output pin to three state mode. 
1=set INT output pin to normal operating mode. 

MCRBIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*. DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter intenrupts 
are fully operational. The Modem Control Intenrupts 
are also operational, but the intenrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 



MCR BIT 5-7: 

Not used. Are set to zero pennanently. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

O=nodata in receive holding register 

1=data has been received and saved in the receive 

holding register. 

LSRBIT-1: 

0=no ovenrun error (normal). 

1 =ovenrun enror, next character anived before receive 

holding register was emptied. 

LSR BIT-2: 

0=no parity enror (normal). 

1=parity error, received data does not have correct 

parity information. 

LSRBIT-3: 

0=no framing enror (normal). 



1=framing enror received, received data did not have 
a valid stop bit. In 

LSRBIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSRBIT-5: 

0=transmit holding register is full. ST16C454 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSRBIT-6: 

0=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. 

LSRBIT-7: 

Not used. Set to "0". 



MODEM STATUS REGISTER (MSR) 

This register provides the cunrent state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C454 has 
changed state since the last time it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C454 has 
changed state since the last time it was read. 
MSR BIT-2: 

Indicates that the Rl* input to the ST16C454 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C454 has 
changed state since the last time it was read. 
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MSRBIT-4: 

This bit is equivalent to RTS in the IVICR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSRBIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
inputs 

MSRBIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSRBIT-7: 

This bit is equivalent to INT enable in the MGR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 



SCRATCHPAD REGISTER (SR) 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 X CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST1 6C454 provides a temporary data register to store 
8 bits of information for variable use. 



ST16C454 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


TX 


High 


DPI* 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state 


RxRdy* 


High 


TxRdy 


Low 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1 , ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 


MSR 


BITS 4-7=input signals 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symi>ol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 
















T, 


Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


Extemal clock 


T, 


Clock rise/fall time 






10 


ns 




Te 


Chip select setup time 


15 






ns 




T, 


Chip select hold time 









ns 




T„ 


Data set up time 


15 






ns 




T,3 


Data hold time 


15 






ns 




T„ 


low* delay from chip select 


10 






ns 






low* strobe width 


50 






ns 




T,e 


Chip select hold time from lOW* 









ns 




T,7 


Write cycle delay 


55 






ns 




Tw 


Write cyc|e=T^5+T^7 


105 






ns 




T„ 


Data hold time 


15 






ns 




T„ 


lOR* delay from chip select 


10 






ns 




T« 


lOR* strobe width 


65 










T 
'24 


Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 


T» 


Delay from lOVV* to output 






50 


ns 


100 pF load 


T» 


Delay to set intenrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pF load 


T3, 


Delay from stop to set intenrupt 






1 

'Rdk 


ns 


100 pF load 


^32 


Delay from lOR* to reset intenrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 






start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from lOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






'rclk 






T45 


Delay from lOR* to reset RxRdy 






1 


^s 




T46 


Delay from lOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


*, 




N 


Baud rate devisor 


1 
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Note 1 : * = Baudout* cycle 



3-71 



O 

CO 



ST16C454 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0* C to +70** C 

Storage temperature -40** C to +150* C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T=25° G, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 




Min 


Typ 


Max 














V 

* ILCK 


Clock input low level 


-0.5 




0.6 


V 




V 


Clock input high level 


3.0 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.2 




VCC 


V 




Vex 


Output low level on all outputs 






0.4 


V 


loL= 6 mA 


V 

•oh 


Output high level 


2.4 






V 


loH= -6 mA 


«cc 


Avg. power supply current 






6 


niA 






Input leakage 






±10 


mA 






Clock leakage 






±10 
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GENERAL WRITE TIMING 



A0-A2 



CSx* 



low* 



D0-D7 
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MODEM TIMING 




CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 

W N 



DATA BITS (5-8) 



STOP BIT 

-W W 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 



START BIT 
w- — w 



DATA BITS (5-8) 



STOP BIT 
->\ \< w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T33 




PARrTYBIT 



NEXT 
DATA 
START BIT 

4- T34 



T35 



16 BAUD RATE CLOCK 
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RXRDY TIMING 



START BIT 
H 

\4- 



RX INPUT 
(First byte) 



\4- 



\4- 



DATA BITS (5-6) 



STOP BIT 



DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



l^|T44 



RXRDY 



N ►1T45 



lOR* 
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TXRDYTIMING 



TX OUTPUT 



low* 



START BIT 
H 



D0-D7 X BYTE #1 X 



DATA BITS (5-8) 



STOP BIT 



DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DATA BITS 




PARITY BIT 



6 DAT A BITS 



7 DATA BITS 



T46 



K- T47 



TXRDY 
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Printed February 23, 1994 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The ST68C454 is a quad universal asynchronous 
receiver and transmitter with modenn control signals. 
Designed to interface with MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An internal programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST68C454 is an improved, quad version of the 
NS16450 UART with faster operating access time. 
The on board status registers will provide the error 
conditions, type and status of the transfer operations 
being perfomied. Complete MODEM control capabil- 
ity, and a processor intenrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 

The ST68C454 is fabricated in an advanced 1.2^i 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 




FEATURES 



• Motorola, Rockwell, Hitachi bus compatible 

• QuadST16C450 

• Modem control signals (CTS*,RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• TTL compatible inputs, outputs 

• 448 kHz transmit/receive operation with 7.372 
MHz extemal clock source 



ORDERING INFORMATION 



Part number 

ST68C454CJ68 

ST68C454IJ68 



Package Operating temperature 
PLCC 0" C to +70° C 

PLCC -40* C to +85° C 
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TXRDY* 
RXRDY* 



XTAL1 







i 




INTERRUPT 
LOGIC 


^ . 





CONTROL 
LOGIC 



o 
o 

6 



1 





DATA 




BUS 



XTAL2 ^ 



o 

7J I- 

o o 
c o 



BAUD RATE 
GENERATOR 
(QUAD) 



RECEIVE FIFO 

CONTROL 
LOGIC (QUAD) 



O D 

9 z 

2 o 



GO 

r- 
O 
O 
7s 

O 



TRANSMITFIFO 

CONTOL 
LOGIC (QUAD) 



RTSA*. DTRA* 
RTSB*.DTRB* 
RTSC*. DTRC* 
RTSD*. DTRD* 



CTSA*.DSRA* 
CTSB*.DSRB* 
CDA*. RIA* 
CDB*.RIB* 
CTSC*. RTSC* 
CDC*.RIC* 
CTSD*.RTSD* 
CDD*. RID* 



O CD 
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SYMBOL DESCRIPTION 



3ymi^o] 




Signal Type 


Pin Description 


D7-D0 


5-66 


I/O 


Bi-directional data I/O. Eight bit, three state data bus to 








transfer infornnation to or from the CPU. DO is the least 








cinnifiPsant hit rtf tho Hata hue sanH thp firct cprial Hsita hit tn 
oiy 1 III 11 uii ui 11 ic vJaid uuo diiu 11 ic iiioi oci icti udid uii lu 








u6 rcCcivcQ or iransrniucu. 


DY A/R 
KA M/D 


7 OQ 








41 63 


1 


j^prial (iaist inniit Thp Qprisl infnrmsitinn rpr'i^ivpH frnm 
v/v/i idi Udid iii|JUi . 1 1 ic dci idi iiiivii iiidiivjii iv^odvcvj ii^^iii 








MODEM or RS232 to ST68C454 receive circuit. A mark 








(high) is logic one and a space (low) is logic zero. During the 








local loopback mode the RX input is disabled from extemal 








connection and connected to the TX output intemally. 


Ty A/R 


17 1Q 






TV n/D 




o 


j^prial Hata niitniit A Thp Qprisil tiaisi f>f phannpl A i<« 
ociidi Udid uui|Jui r\. 1 lie o\7i idi Udid kji ^^iidiiiid r\ lO 








tran<sinittprl x/Ia thie nin with fldriitinnfll etart <%tnn sihd nsritv 

LI dl lOI 1 IILlCvJ VId 11 HO |iyll 1 Will 1 dVJvllllUI Idl Oldl l , Olvl|J dl IKi \JCli lljf 








hitc Thp TV \A/ili hp hplH in mark ^hi^h^ QtsitP Hiirinn rpopt 

klllO. 1 1 IKS 1 x\ will UC 1 ICIU II 1 1 1 Idl l\ \t liyi IJ OldlC UUI 11 1 COC71, 








Innal Inonhaplf irinHp nr whpn thp trancmittpr iQ HiQsahlpH 

lUUdI lUUpUdUlV iilUUC/ UI WIICII IIIC? 11 dllOi 1 lllld lo UlOdUICU. 




i o 


1 

1 


r^hin cplppt ^Qi^ix/p lrt\A/\ A IniA/ at thic nin will pnahip thp 

Ollip oCICUl ^dLrllVC lUWJI. r\ lUW dl 11 Ho pill Will ClidLIIC 11 IC 








vJr\r\ 1 r\~U K^rKJ Udid Udllolcl UpCldllUll. 


XTAL1 


35 


1 


Crystal input 1 or extemal clock input. A crystal can be 








r*f\nnof*i e^ti tn thic rtin and VTAi nin tn iitili7P thp intpmal 
w»Ui II iCUlCU lU lillo pill dllU Ai. I r\l.^ pili lU UllliiLC? lliC II lid 1 Idl 








n<;rillfltor rirniit An pxtpmal ninnk cjin bf* iJ<5Pd to ninnk 








internal circuit and baud rate generator for custom transmis- 








sion rates. 


XTAL2 


36 


1 


Crystal input 2. See XTAL1 . 




18 


1 


Read/Write strobe. A low on this pin will transfer the 








contents of the CPU data bus to the addressed register. A 








high on this pin will transfer the contents of the ST68C454 








data bus to the CPU. 


CD A/B* 


9,27 






CD C/D* 


43,61 


1 


Carrier detect A-D (active low). A low on this pin indicates 








that carrier has been detected by the modem. 


GND 


6.23,31 






GND 


40,57 


O 


Signal and power ground. 


DSRA/B* 


10,26 






DSR C/D* 


44,60 


1 


Data set ready A-D. (active low) A low on this pin indicates 








that MODEM is ready to exchange data with UART. 



3-81 



ST68C454 



O 

00 

<o 
H 



SYMBOL DESCRIPTION 



Symbor 




Signal Type 


Pin Description 


RIA/B* 
RIC/D* 

RTS A/B* 
RTS C/D* 

CTS A/B* 
CTS C/D* 


8,28 
42,62 

14,22 
48,56 

11,25 
45,59 


1 



1 


Ring detect A-D indicator . (active low) A low on this pin 
indicates that modem has received a ringing signal from 
telephone line. 

Request to send A-D. (active low) To indicate that transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to low stale. 
After the reset this pin will be set to high. 

Clear to send A-D. (active low) The CTS* signal s a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmitter output. 


RXRDY* 


38 


o 


Receive data ready (active low). This pin is the inverted 
uuipui UT iiiiciridiiy ui-eu tuui iuucivcu udid ^Lor\ Dii-uy 
bits. Goes low when one of the UART's contains data in the 
receive holding register. 


TXRDY 


39 





Transmit ready (active high). This pin is the output of 
internally "or-ed" four transmit empty signals (LSR Bit-6). 
This pin stays low when all four transmitters are empty. 


A4 


50 




Address line 4. To select one of the four UARTS. 


A3 


20 




Address line 3. To select one of the four UARTS. 


A2 


32 




Address line 2. To select internal registers. 


A1 


33 




Address line 1 . To select internal registers. 


AO 


34 




Address line 0. To select internal registers. 


IRQ* 


15 


o 


Interrupt output, (active low open collector) This pin goes 
low (when enabled by the intenrupt enable register) when- 
ever a receiver enror, receiver data available, transmitter 
empty or modem status condition flag is detected on UART 
A-D. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


DTR A/B* 
DTR C/D* 


12,24 
46,58 


o 


Data terminal ready A-D. (active low) To indicate tliat 
ST68C454 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR bit-0 will set the DTR*output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. 


RESET* 

VCC 
VCC 


37 

13.30 
47,64 


1 
1 


Master reset, (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 

Power supply input. 



SERIAL PORT SELECTION GUIDE 



OS* 


A4 


AZ 


UARTX 


1 


X 


X 


X 











UART A 








1 


UART B 





1 





UART C 





1 


1 


UART D 
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PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modenri Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



REGISTER FUNCTIONAL DESCRIPTIONS 

TRANSMIT AND RECEIVE HOLDING REGISTER 
A-D 

The serial transmitter section consists of a Transmit 
Hold Register A-D and Transmit Shift Register A-D. 
The status of the transmit hold register is provided in 
the Line Status Register A-D. Writing to this register 
will transferthe contents ofthe data bus (D7-D0) to the 
transmit holding register A-D whenever the transmit- 
ter holding register A-D or transmitter shift register A- 
D is empty. The transmit holding register empty A-D 
flag will be set to "1 " when the transmitter is empty or 
data is transferred to the transmit shift register A-D. 
Note that a write operation should be performed when 
the transmit holding register empty flag is set. 
On the falling edge ofthe start bit, the receiver intemal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center ofthe start bit. The start bit is valid 
if the RX A-D is still low at the mid-bit sample of the 
start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low 
going noise spike on the RXA-D input. Receiver status 
codes will be posted in the Line Status Register A-D. 

PROGRAMMABLE BAUD RATE GENERATOR 

The ST68C454 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 



to 2^6-1. Customize Baud Rates can be achieved by 
selecting proper divisor values for MSB and LSB of 
baud rate generator. 



INTERRUPT ENABLE REGISTER A-D 

The Interrupt Enable Register A-D masks the incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the IRQ* 
output pin. 

lER BIT-0: 

0=disable the receiver ready interrupt 
1=enable the receiver ready interrupt 

lER BIT-1: 

0=disable transmitter empty intenrupt 
1=enable transmitter empty intenrupt 

IERBIT-2: 

0=disable receiver line status intenrupt 
1=enable receiver line status intenrupt 

IERBIT-3: 

0=disable the modem status register intenrupt 
1=enable the modem status register interrupt 



3-84 



ST68C454 



CO 
H 
O) 
00 

O 



lER BIT 7-4: 

All these bits are set to logic zero. 

INTERRUPT STATUS REGISTER A-D 

The ST68C454 provides four level prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Intenrupt Status Register A- 
D provides the source of the intenrupt in prioritized 
manner. During the read cycle, the ST68C454 pro- 
vides the highest intenrupt level to be serviced by the 
CPU. No other intenrupts are acknowledged until the 
particular intenrupt has been serviced. The following 
are the prioritized interrupt levels: 



\p 


m 


D2 


D1 


m 


Soured of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine 

1 =no intenrupt pending 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority intenrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set zero. 



LINE CONTROL REGISTER A-D 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 



ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 

00=5 bits word length 
01=6 bits word length 
10=7 bits word length 
11=8 bits word length 



LCRBIT.2: 

The number of stop bits can be specified by this 
bit. 

0=1 stop bit , when word length=5, 6, 7, 8 bits 
1=1 and 1/2 stop bit , when word length=5 bits 
1=2 stop bits, word length=6, 7, 8 bits 

LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission; 
receiver also checks for received parity 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

O=odd parity is generated by calculating odd number 
of 1 's in the transmitted data; receiver also checks for 
same format. 

1=an even parity bit is generated by calculating the 
number of even 1's in the transmitted data; receiver 
also checks for same format 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity fonnat. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
T in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 
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LCR BIT-6: 

Break control blt. 

1 =forces the transmitter output (TX A-D) to go low to 
alert the communication terminal 
O=normal operating condition 

LCR BIT-7: 

The intemal baud rate counter latch enable (DLEN). 
O=normal operation 
1=select divisor latch register 

MODEM CONTROL REGISTER A-D 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCRBIT-0: 

O=force DTR* output to high 
1 =force DTR* output to low 

MCRBIT-1: 

O=force RTS* output to high 
1 =force RTS* output to low 

MCR BIT2-3: 

x=not used 

MCR BIT -4: 

O=normal operating mode 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX A-D) is set high (Mark condi- 
tion), the Receiver inputs (RX A-D , GTS A-D*, DSR 
A-D* CD A-D*, and Rl A-D*) are disabled. Internally, 
the transmitter output is connected to the receiver 
input and DTR A-D*, RTS A-D* and MGR A-D bit2,3 
are connected to modem control inputs. In this mode 
, the receiver and transmitter interrupts are fully 
operational. The Modem Control Interrupts are also 
operational, but the intenrupt sources are now the 
lowerfourbits of the Modem Control Register instead 
of the four Modem Control Inputs. The intenrupts are 
still controlled by the lER A-D. 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER A-D 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=a data has been received and saved in the receive 

holding register 

LSR BIT-1: 

0=no overrun error (normal) 
1=overrun enror, next character anived before re- 
ceive holding register was empty 

LSR BIT-2: 

0=no parity error (normal) 

1= parity error, received data does not have correct 
parity information 

LSRBIT-3: 

0=no framing enror (normal) 

1 =framing enror received , received data did not have 

a valid stop bit 

LSR BIT-4: 

0=no break condition (normal) 

1=receiver received a break signal (RX was low for 

one character time frame) 

LSRBIT-5: 

0=transmit holding register is full; ST68C454 will not 
accept any data for transmission 
1=transmit holding register is empty; CPU can load 
the next character 

LSR BIT-6: 

O'transmitter holding and shift registers are full 
1 =transmitter holding and shift registers are empty 

LSR BIT-7: 

Not used, set to "0". 

MODEM STATUS REGISTER A-D 

This register provides the cunrent state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
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information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1 .8432 MHz CLOCK): 





BAUD RATE 


ISxCLOCK 


DVfSOR 


MSR BIT-0: 




%ERROR 




Indicates that the GTS* input to the ST68C454 has 








changed state since the last time it was read. 


50 


2304 






75 


1536 




MSRBIT-1: 


150 


768 




Indicates that the DSR* input to the ST68C454 has 


300 


384 




changed state since the last time it was read. 


600 


192 






1200 


96 




MSRBIT-2: 


2400 


48 




Indicates that the Rl* input to the ST68C454 has 


4800 


24 




changed from a low to a high state. 


7200 


16 






9600 


12 




MSR BIT-3: 


19.2 


6 




Indicates that the CD* input to the ST68C454 has 


38.4K 


3 




changed state since the last time it was read. 


56K 


2 


2.77 




115.2K 


1 





■ 



This bit is equivalent to RTS in the MGR. It is the 
compliment of the CTS* input. 

MSRBIT-5: 

This bit is equivalent to DTR in the MGR. It is the 
compliment of the DSR* input. 

MSR BIT-S: 

This bit is equivalent to MGR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSRBIT-7: 

This bit is equivalent to MGR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 

SCRATCHPAD REGISTER A-D 

ST68G454 provides a temporary data register to store 
8 bits of infonmation for variable use. 



ST68C454 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


lER A-D 


BITS 0-7=0 


ISR A-D 


BIT-0=1, BIT-7=0 


LGRA-D 


BITS 0-7=0 


MGR A-D 


BITS 0-7=0 


LSR A-D 


BITS 0-4=0, BITS 5-6=1, BIT- 




7=0 


MSR A-D 


BITS 0-3=0, BITS 4-7= input 




signals 



SIGNALS 


RESET STATE 


TXA-D 


High 


RTS A-D* 


High 


DTR A-D* 


High 


IRQ 


Three state mode 


RXRDY* 


High 


TXRDY 


Low 
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ST68C454 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BIT-7 


BIT^ 




BIT*4 




BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


blt-6 


bit-5 


bit-4 


blt-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 














int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


Not 
used 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 

enror 


overrun 
error 


receive 
data 
ready 


110 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


blt-0 





DLL 


biur 


bit'6 


bits 


bit'4 


bit'3 


bit-2 


bit'1 


bit'O 


1 


DLM 


bit'15 


bit'14 


bit-13 


bit'12 


bit'11 


bit'10 


bit'9 


bits 



DLL and DLM are accessible only when LCR bit-7 is set to "1 ". 
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AC ELECTRICAL CHARACTERISTICS 



7^=25** C, V^^=5.0 V ± 5% unless otherwise specified. 









Limits 
Typ 


Max 


Unjts 






Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


Extemal clock 


T 


Clock rise/fall time 






10 


ns 




•a 


Chip select setup time 


5 






ns 




T9 


Chip select hold time 









ns 






Data setup time 








ns 






Data hold time from write or CS* 


15 






ns 




'14 


wnie sei up 11 me 








ns 




'15 


Write strobe width 


5U 






ns 




T 

'16 


^h^nip seieci noia iime irom wnie 


i <\ 

1 V 






ns 




T 


\A/ri4A ^%f/%iA fi^lf^xi 

vvnie cycie ueiay 


40 






ns 




T 

T,« 


Data setup time 


<! C 

10 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T24 


Data hold time 









ns 






Read cycle delay 


25 






ns 




Tr 


Read cycle=T^g+T25 


105 






ns 






Chip select pulse width 


75 






ns 




T2. 


Delay from Write to output 






50 


ns 


100 pF load 




Delay to set intenrupt from MODEM 






35 


ns 


too pF load 


input 














Delay from stop to set intenrupt 






'Rdk 


ns 


100 pF load 


"^32 


Delay from Read to reset intenrupt 






200 


ns 


100 pF load 




Delay from initial IRQ* reset to 
transmit start 


8 




24 


' * 




T„ 


Delay from stop to intemipt 






100 


ns 




T» 


Delay from Write to reset interrupt 






75 


ns 




T« 


Delay from stop to set RxRdy 






'rclk 






T« 


Delay from Read to reset RxRdy 






1 


^IS 




T« 


Delay from Write to set TxRdy 






195 


ns 




T„ 


Delay from start to reset TxRdy 






8 


* 





* = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3V to VCC+0.3V 

Operating temperature 0° C to +70** C 

Storage temperature -40** C to +150** C 

Package dissipation 500 mW 



DC ELEGTRIGAL CHARACTERISTICS 



\=25° C, V^=5.0 V ± 5% unless othen/vise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 














V 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.2 




VCC 


V 






Output low level 






0.4 


V 


Iql= 6 mA on all 












outputs 


VoH 


Output high level 


2.4 






V 


loH=-6mA 


'cc 


Avg. power supply 
current 




6 




mA 






Input leakage 






±10 


mA 






Clock leakage 






±10 


mA 
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GENERAL READ TIMING 
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MODEM TIMING 



RAAT 



RTS* 
DTR* 



T28 



CD 

CTS 

DSR 



IRQ* 



Rl 



T29 N H 



T29 



T29 




ST68C454 



RECEIVE TIMING 



RX INPUT 



IRQ* 



CS* 



START BIT 



DO 



DATA BITS (5-8) 



STOP BIT 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BUS 




PARrrVBIT 



NEXT 
DATA 
STARTBIT 

T31 



T32 



16 BAUD RATE CLOCK 
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TRANSMIT TIMING 



TXOUT 



IRQ* 



RJW 




16 BAUD RATE CLOCK 
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RXRDY TIMING 



START BIT 
H 



RX INPUT 
(First byte) 



\4- 



\4- 



DATABITS (5-8) 



STOP BIT 



' DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



^T44 



RXRDY 



W ►IT45 



CS* 
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TXRDY TIMING 



TX OUTPUT 



R/W* 



D0-D7 



START BIT 
H 



BYTE#1 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



T47 



TXRDY 
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m> STARTECH ST16C550 

Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVERTTRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C550 Is a universal asynchronous receiver 
and transmitter with 16 byte transnnit and receive 
FIFO. A programmable baud rate generator is pro- 
vided to select transmit and receive clock rates from 
50Hz to 448kHz. 

The ST16C550 is an Improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C550 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C550 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C550 is fabricated in an advanced \:2\x 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 



s 

QI 
Qi 



SrieC550CJ44 



Piastic-DIP Package 



FEATURES 



• Pin to pin and functional compatible to 
NS1 6550, VL1 6C550. WD1 6C550 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with enror flags 

• Modem control signals (CTS*, RTS*, DSR*. DTR*, 
RI*,CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C450 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 



ORDERING INFORMATION 



Part number 

ST16C550CP40 

ST16C550CJ44 

ST16C550CQ52 

ST16C550CQ48 



Package Operating temperature 
Plastic-DIP 0" C to + 70° C 
PLCC 0° C to + 70° C 

QFP 0° C to + 70° C 

TQFP 0°C to + 70°C 



DO 


\L 






in 


vcc 


D1 


I 






39] 


Rl* 


D2 


I 






is] 


CD* 


D3 








§ 


DSR* 


D4 


£ 






36] 


CTS* 


D5 








35] 


RESET 


06 








E] 


OP1* 


D7 










DTR* 


RCLK 








32] 


RTS* 


RX 






50CP 


iT] 


OP2* 


TX 






16C51 


30] 


INT 


CSO 






h- 
eo 




RXRDY* 


CS1 


EI 






m] 


AO 


CS2* 


El 








A1 


BAUDOUT* 


^ 






26] 


A2 


XTALI 


EI 








AS* 


XTAL2 


Ei 








TXRDY 


low 


EI 






23] 


DDIS* 


low 


EI 






22] 


lOR 


GNO 


[20 








lOR* 



^Industrial operating range are available 
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BLOCK DIAGRAM 



OQ 



o q: 



ct: 



D0-D7 



A0-A2 
CS0.CS1,CS2* 
lOR. lOR* 

low, low* 

RESET, AS* 
DDIS*, CSOUT 



INT 





!RUPT 
GIC 
















MODEM CONROL 
LOGIC 



ce < 

si 



CLOCK 
CIRCUIT 



lIOO 



TX 



BAUDOUT* 



RX 



_J _J 
< < 



u 
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SYMBOL DESCRIPTION 



3yrri1>o] 


Pin 


Signal Type 


Pin Description 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer infomriation to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RCLK 


9 


1 


Receive clock input. The extemal clock input to the 
ST16C550 receiver section if receiver data rate is different 
from transmitter data rate. 


RX 


10 


1 


Serial data input. The serial Information (data) received 
from serial port to ST16C550 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from extemal 
connection and connected to the TX output internally. 


TX 


11 


o 


Serial data output. The serial data istransmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CSO 


12 


1 


Chip select 1 . (active high) A high at this pin enables the 
ST16C550 / CPU data transfer operation. 


wo i 


lo 


1 
1 


v^nip seieci z. ^aciive nign/ a nign ai inis pin enaoies me 
ST1 6C550 / CPU data transfer operation. 


CS2* 


14 


1 


Chip select 3. (active low) A low at this pin (while CS0=1 
and CS1=1) will enable the ST16C550 / CPU data transfer 
operation. 


BAUDOUT* 


15 


o 


Baud rate generator clock output. This output provides the 
16x clock of the internal selected baud rate. RCLK pin is 
connected externally to BAUDOUT* pin to provide receive 
clock. 


XTAL1 


16 


1 


Crystal input 1 or extemal clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An extemal clock can be used to clock 
intemal circuit and baud rate generatorfor custom transmis- 
sion rates. 
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SYMBOL DESCRIPTION 



Syitibot 


Pin 


Signal Type 


Pin Description 


XTAL2 


17 


1 


Crystal input 2 or buffered clock output. See XTAL1. 


low* 


18 


1 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


low 


19 


1 


Write strobe, (active high) Same as lOW*, but uses active 
high input. Note that only an active lOW* or lOW input is 
required to transfer data from CPU to ST1 6C550 during 
write operation. All the unused pin should be tied to VCC or 
GND. 


GND 


20 


O 


Signal and power ground. 


lOR* 


21 


1 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST1 6C550 data bus to the CPU. 


lOR 


22 


I 


Read strobe, (active high) Same as lOR*, but uses active 
high input. Note that only an active lOR* or lOR input is 
icCfUirea 10 iransier aaia irom oi loooou lo uunny 
read operation. All the unused pin should be tied to VCC 
or GND. 


DDIS* 


23 


o 


Drive disable, (active low) This pin goes low when the CPU 

lo 1 CdUlliy Uald II Uill 11 Ic O i 1 OV^OU lU UiodUit:; lilt? cAlCI Hal 

transceiver or logic's. 


TXRDY 


24 


o 


Transmit ready, (active high) This pin goes high when the 
transmit FIFO of the ST16C550 is full. It can be used as a 
single or multi-transfer. 


AS* 


25 


1 


Address strobe, (active low) A low on this pin will latch the 
state of the chip selects and addressed register (A2-A0). 
This input is used when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS* input permanently low. 


A2 


26 




Address select line 2. To select intemal registers. 


A1 


27 




Address select line 1. To select intemal registers. 
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SYMBOL DESCRIPTION 





IIIIIM^ 


Signal Type 


Pin PescfjptiQil 


AO 


28 


1 


Address select line 0. To select Internal registers. 


RXRDY* 
INT 


29 
30 






Receive ready, (active low) This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 

Interrupt output, (active high) This pin goes high (when 
enabled by the intenrupt enable register) whenever a re- 
ceiver enror, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


OP2* 


31 





General purpose output, (active low) User defined output. 
See bit-3 modem control register (MCR bit-3). 


RTS* 


32 





Request to send, (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" In the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


33 





Data terminal ready, (active low) To indicate that 
ST16C550 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1" at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


OP1* 


34 





General purpose output, (active low) User defined output. 
See bit-2 of modem control register (MCR bit-2). 


RESET 


35 


1 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


36 


1 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 
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SYMBOL DESCRIPTION 



Symboi 


Pin 


Signal Type 


Pin Description 


DSR* 


37 


1 


Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 


38 


1 


Carrier detect, (active low) A low on this pin indicates the 
canrier has been detected by the modem. 


Rl* 


39 


1 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 


40 


1 


Power supply input. 



PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Intenrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C550 ACCESSIBLE REGISTERS 



A2A1A0 


Register 


BH-7 


jjiiilll 


BrT-5 


Bnr-4 


liliii! 


Bnr*2 


BIT-t 


iiiiiii 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-O 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
intenrupt 


receive 
line 
status 
intenrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 




iviVi/r\ 








n 


back 




OP1* 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
intenrupt 


framing 
error 


parity 
error 


ovenrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


b'it'7 


bit'6 


bits 


bit'4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-is 


bit'U 


bit'13 


bit'12 


bit-11 


bit-10 


bit-9 


bits 



DLL and DLM are accessible only when LCR blt-l is set to "1". 



3-103 



ST16C550 



REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register Is 
provided In the Line Status Register (LSR), Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register Is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter Is 
empty or data is transfenred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
Is set. 

On the falling edge of the start bit, the receiver Internal 
counter will start to count 7 1/2 clocks (16x clock) 
which Is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX Input, Receiver status codes will 
be posted In the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
intenrupts (lER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available Interrupts will be issued 
to the CPU when the FIFO has reached Its pro- 
grammed triggerlevel; it will be cleared as soon as the 
FIFO drops below Its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level Is reached, and like 
the intenrupt It Is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transfenred from the shift register to the 
receiver FIFO. It Is reset when the FIFO Is empty. 



FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting lER BIT 3-0 to zero puts 
the STi6C550 Inthe FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately eltherone or both can be In the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which enror(s) has oc- 
curred. 

C) LSR BIT-5 will Indicate when the transmit FIFO Is 
empty. 

D) LSR BIT-6 will Indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will Indicate when there are any errors 
In the receive FIFO. 

The ST16C550 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST1 6C550 contains a programmable Baud Rate 
Generator that Is capable of taking any clock input 
from DC-8 MHz and dividing It by any divisor from 1 
to 2^^ -1. The output frequency of the Baudout* Is 
equal to 16X of transmission baud rate (Baudout*=16 
X Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) masksthe Incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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lER BIT-^: 

0=clisable the receiver ready interrupt. 
1 =enable tlie receiver ready interrupt. 

lER BIT-I : 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IERBIT-2: 

0=disable the receiver line status intenrupt. 
1=enable the receiver line status interrupt. 

IERBIT-3: 

0=dtsable the modem status register intenrupt. 
1=enable the modem status register intenrupt. 

lER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C550 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the intenrupt in priori- 
tized matter. During the read cycle the ST16C550 
provides the highest interrupt level to be serviced by 
CPU. No other intenrupts are acknowledged until the 
particular intenrupt is serviced. The following are the 
prioritized intenrupt levels- 



Priority level 



11 


ill 


D2 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 
tus Register) 


2 





1 








RXRDY (Received Data 
Ready) 


2* 


1 


1 








RXRDY (Receive Data 
time out) 


3 








1 





TXRDY( Transmitter 
Holding Register Empty) 


4 














MSR (Modem Status 
Register) 



•RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of slop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(prog rammed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority intenrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are setter in ST16C550 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCRBIT-0: 

0=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCRBIT-1: 

0=No change. 

1 =Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-2: 
0=No change. 

1 =Clears the contents of the transmit FIFO and resets 
its counteriogic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-3: 
0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "r. 

Transmit operation in mode "0": 
When ST1 6C550 is in ST1 6C450 mode ( FGR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C550 is in ST1 6C450 mode ( FCR bit-0=O 
) or in the FIFO mode ( FCR bit-0= 1 , FCR bit-3=0 ) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C550 is in FIFO mode ( FCR bit-0=1 . FCR 
bit-3=1 ) the TXRDY* pin will become high (inactive) 
when the transmit FIFO is completely full. It will be low 
if one or more FIFO locations are empty. 



Receive operation in mode "1": 
When ST16C550 is in FIFO mode (FCR bit-0=1 . FCR 
bit-3=1 ) and the trigger level or the timeout has been 
reached, the RXRDY* pin will go low. Once it is 
activated it will go high (inactive) when there are no 
more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. Th6 num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





■ ^ 7 . : 


1 


1 


8 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 
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Word lenjgith 


Stop foit(s) 





5.6,7.8 


1 


1 


5 


1-1/2 


1 


6.7.8 


2 



LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LGRBIT-4: 

If the parity bit is enabled. LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCRBIT-5: 

If the parity bit is enabled, LGR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1 " in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The intemal baud rate counter latch enable (DLAB). 
O=normal operation. 
1=select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCRBIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCRBIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCRBIT-2: 

0=set OP1* output to high. 
1=set OP1* output to low. 

MCRBIT-3: 

0=set OP2* output to high. 
1=setOP2* output to low. 

MCR BIT-4: 

O=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Marie condition), 
the receiver input (RX) , CTS*, DSR* CD*, and Rl* are 
disabled. Intemally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*. OP1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter intenrupts 
are fully operational. The Modem Control Intenrupts 
are also operational, but the intenrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
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holding register or FIFO. 
LSRBIT-1: 

0=no overrun error (normal). 
1 =overrun enror, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity enror, received data does not have correct 
parity infomriation. In the FIFO mode this enror is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing error (normal). 
1 =framing enror received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSRBIT-4: 

0=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSRBIT-5: 

0=transmit holding register isfull. ST16C550 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSRBIT-6: 

0=transmitter holding and shift registers are full. 
1 =transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSRBIT-7: 

0=Normal. 

1=At least one parity enror, framing enror or break 
indicatton in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REG[STER (MSR) 

This register provides the cunrent state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to T whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSRBIT-0: 

Indicates that the CTS* input to the ST16C550 has 
changed state since the last ttme it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C550 has 
changed state since the last time it was read. 
MSR BIT-2: 

Indicates that the Rl* input to the ST16C550 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C550 has 
changed state since the last time it was read. 

MSRBIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSRBIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input 

MSRBIT-6: 

This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the Rl* input. 

MSRBIT-7: 

This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 
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SCRATCHPAD REGISTER (SR) 

ST1 6C550 provides a temporary data register to store 
8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



ST16C550 EXTERNAL RESET CONDITION 



BAUD RATE 


IS X CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





REGISTERS 




lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1. ISR BITS 1-7=0 


LOR 


LOR BITS 0-7=0 


MGR 


MGR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6==1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FOR 


FGR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


OP1* 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


RXRDY* 


High 


TXRDY 


Low 


INT 


Low 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V(^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 
















Clock high pulse duration 


50 






ns 




\ 


Clock low pulse duration 


50 






ns 


Extemal clock 


T3 


Clock rise/fall time 






10 


ns 




T, 


Baud out rise/fall time 






100 


ns 


100 pF load 


T5 


Address strobe width 


30 






ns 




T, 


Address setup time 


30 






ns 




T, 


Address hold time 


5 






ns 




T3 


Chip select setup time 


5 






ns 






Chip select hold time 









ns 






CSOUT delay from chip select 


10 




25 


ns 






lOR* to DDIS* delay 






25 


ns 


100 pF load 




Data setup time 


15 






ns 


Note: 1 




Data hold time 


15 






ns 


Note: 1 




low* delay from chip select 


10 






ns 


Note:1 




low* strobe width 


50 






ns 






Chip select hold time from lOW* 









ns 


Note: 1 




Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 






Data hold time 


15 




25 


ns 




T,, 


lOR* delay from chip select 


10 






ns 


Note: 1 




lOR* strobe width 


65 






ns 






Chip select hold time from lOR* 









ns 


Note: 1 




Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 




Delay to set interrupt from MODEM 






70 


ns 


100 pF load 
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AC ELECTRICAL CHARACTERISTICS 

T^=25° C, Vj^=5.0 V ± 5% unless otherwise specified. 



SyiYiboi 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 
















T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pF load 




input 














Delay from stop to set interrupt 






^RCIc 




100 pF load 




Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


' * 




start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from lOW* to reset intenrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






'rclk 






T45 


Delay from lOR* to reset RxRdy 






1 


^s 






Delay from lOW* to set TxRdy 






195 


ns 






Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 
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Note 1 : Applicable only when AS* is tied low 
* = Baudout* cycle 

52 Pin QFP Package 



N.C. [T] 

D5 [ 

D6 I 3 

D7 [ 

RCLK [ 

N.C. [ 

RX [~7~ 

TX [ 

CSO I 9 

CSl [lo^ 

CS2* fn" 

BAUDOUT* [IT" 



ST16C550CQ52 



M H M ^ M s I I 5 



39 1 N.C. 


N.C. 1 1 


38 1 RESET 
37 1 OPl* 


D5 1 2 
D6 I 3 


36 I DTR* 
35 1 RTS* 


D7 1 4 
RCLK I 5 


34 1 0P2* 


N.C. I 6 


33 I INT 


RX [~7~ 


32 1 RXRDY* 


TX 1 8 


31 1 AO 


CSO 1 9 


30 1 Al 
29 1 A2 


CSl 1 10 
CS2* 1 11 


28 1 N.C. 


BAUDOUT* 1 12 


27 [ N.C. 





48 Pin TQFP Package 



ST16C550CQ48 



MMMMMMMR 



36 I N.C. 
IF] RESET 
34 I OPl* 
33] DIR.* 
32] RTS* 
3r]0P2* 
30] INT 
29] RXRDY* 
W\ AO 
"iTj Al 
26] A2 
25 I N.C. 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage tennperature 
Package dissipation 



7 Volts 

GND-0.3V to VCC+0.3V 
0' C to +70*' C 
-40" C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T=25° C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 






Limits 




Unit$ 


Conditions 






Min 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


loL=6mA 


^OH 


Output high level 


2.4 






V 


Iq„= -6 mA 


'ex. 


Avg power supply current 




6 




mA 


I,L 


Input leakage 






±10 


mA 




'CL 


Clock leakage 






±10 
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CLOCK TIMING 



EXTERNAL 
CLOCK 



T2 



1^ ^ 




^ / 


^ ►! 


< ► 


^ ^ ^ ► 



T3 




CLOCK PERIOD CLOCK PERIOD 



BAUDOUT* TIMING 
T4 

H 

BAUDOUT* 



T4 




1/2 BAUDOUr 



1/3 BAUDOUT* 



1/3> BAUDOUT* 
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GENERAL WRITE TIMING 



T5 



AS* 



A0-A2 



CS2* 
CS1-CS0 



low* 
low 



T6K- 



T8 , 
k w 



T14 k— w T15 

! h4 



T7 



T9 



-Ht16 T17 



T10 k 



CSOUT 



112 k-^ T13 



D0-D7 
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MODEM TIMING 



low* 
low 



RTS* 
DTR* 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 
low 



START BIT 



DO 



D1 



DATA BITS (5-8) 



D2 



D3 



D4 



D5 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T33 




16 BAUD RATE CLOCK 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 
lOR 



START BIT 
w w 



DATA BITS (5-8) 



DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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TXRDY TIMING FOR MODE "0" 



START BIT 

1^ w 

h4- 



DATA BITS (5-8) 



TX OUTPUT 



DO 



D1 



D2 



D3 



D4 



D5 




5 DATA BITS 



PARrrYBIT 



6 DATA BITS 



7 DATA BITS 



lONAT 

low 



D0-D7 



BYTE#1 



TXRDY 



T46 



-M k- T47 
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TXRDY TIMING FOR MODE "1" 



TX OUTPUT 



low* 
low 



D0-D7 



TXRDY 



START BIT 



/.BYTE #16 



DATA BITS (5-8) 



STOP BIT 
-» 1^ w 



DO 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 




6 DATA BITS 



7 DATA BITS 



T46 



T47 



FIFO FULL 
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RXRDY TIMING FOR MODE "0" 



RX INPUT 
(First byte) 



START BIT 

W 

h4- 



DATA BITS (5-8) 



STOP BIT 

-W N 



DO 



D1 



D2 



D3 



D4 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




RXRDY 



lOR* 
lOR 



-HT45 



...X. 
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RXRDY TIMING FOR MODE "1' 



RX INPUT 



START BIT 
H w 



DATA BITS (5-8) 



STOP BIT 
-w 1^ w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 > 



5 DATA BITS 



6 DATA BITS 




7 DATA BITS 



First byte that reaches 
the trigger level 



iT44 



RXRDY 



HT45 



lOR* 
lOR 
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STARTECH ST16C1 551/1 552 

Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVERTTRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C1 550/51/52 is a universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 5dHz to 448kHz. 

The ST16C1 550/51/52 is an improved version of the 
SSI 73M1550 and SSI 73M2550 UART with higher 
operating speed and lower access time. The 
ST1 6C1 550/51 /52 on board status registers provides 
the enror conditions, type and status of the transfer 
operation being performed. Included is complete 
MODEM control capability, and a processor Interrupt 
system that may be software tailored to the user's 
requirements. The ST16C1 550/51/52 provides inter- 
nal loop-back capability for on board diagnostic test- 
ing. 

The ST16C1550/51/52 is fabricated in an advanced 
1 .2^ CMOS process to achieve low drain power and 
high speed requirements. 



FEATURES 



• Pin to pin and functional compatible to SSI 
73M1 550/2550 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Software compatible with INS8250, NS16C550 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 



ORDERING INFORMATION 



Part number 

ST16C1550CP28 

ST16C1550CJ28 

ST16C1550CQ48 

ST16C1551CP28 

ST16C1551CJ28 

ST16C1551CQ48 

ST16C1552CQ52 

*lndustrial operating 



Package Operating 
Plastic-DIP 0° C 
PLCC 0' C 

TQFP 0** C 

Plastic-Dip 0" C 
PLCC 0" C 

TQFP 0° C 

QFP 0" C 

range are available 



temperature 
to + 70** C 
to + 70' C 
to + 70' C 
to + 70' C 
to + 70' C 
to + 70' C 
to + 70' C 



PLCC Package 



D4 [T 

06 [T 

D7 cr 

RX (T 

TX Qo 
cs* QT 



SrieC1560CXJ28 



iiiniiririfir 

i i I i i ^ ^ 



X\ CTS* 

M] RESET 

m] DTR' 

^ RTS* 

21] AO 

M A1 

l5] A2 



o o > o o 



D4 [T 



D6 [T 
DT [T 



TX Qo 
CS' \J± 



STieC1551CJ28 



m] cts* 

»] reset 

»] DTR' 

M] RTS* 

H] AO 

m] A1 

iFl A2 



N.C. (T O 

N.C. [T 

N.C. [T 

D5 [T 

D6 [T 

or [T 

NO. [T 

RX (T 

TX [T 

cs* Qo 

N.C, QT 

N.C. 01 

N.C. QI 



QFP Package 



ST16C1552CQ52 



^ y § I § ^ ^ ^ ^ s ^ ^ 



m] no. 

38l RESET 

37] N.C. 

M] DTR* 

M] RTS- 

NO. 

m) no. 

ID AO 

3l] A1 

M] A2 

m N.C. 

m] no. 

W N.C. 



CM 
KO 

T- 

o 

ID 

o 



(O 



ST16C1550 
ST16C1551/1552 



ST16C1550 BLOCK DIAGRAM 



CO 

u o 



D0-D7 



MODEM CONROL 
LOGIC 



A0-A2 

cs* 

ICR*, low* 
RESET 



INT 















<- ■ 






m _j 








TX 



RX 



CLOCK 
CIRCUIT 



04 
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ST16C1551 BLOCK DIAGRAM 



i 



CO 



D0-D7 



A0-A2 
CS* 
lOR*. low* 
RESET 



5C/D 











RST 



go 



o - 
CJ 



: CD 

: o 



INT 



<- — ^ 


IRUPT 
GIC 








UJ _j 







MODEM CONROL 
LOGIC 



CLOCK 
CIRCUIT 



tz 

^cj-^ 



TX 



> go 

O 2 O 



RX 



23:: 
_j 

u 
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? ST16C1550 SYMBOL DESCRIPTION 
(0 



Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 


9 


1 


Serial data input. The serial information (data) received 
from serial port to ST16C1550 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 


10 


o 


Serial data output. The serial data istransmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 


11 


1 


Chip select (active low). A low at this pin enables the 
ST1 6C1 550 / CPU data transfer operation. 


XTAL1 


12 


1 


Crystal input 1 or extemal clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An extemal clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


13 


1 


Crystal input 2 or buffered clock output. See XTAL1 . 


low* 


14 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 


15 


o 


Signal and power ground. 


lOR* 


16 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1550 data bus to the CPU.. 


Rl* 


17 


1 


Ring detect indicator (active low). A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


INT 


18 


o 


Interrupt output, (three state / active high) This pin goes high 
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Symbol 


Pm 


Signal Type 


Pin Description 








(when enabled by the intenrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


A0-A2 


21-19 


1 


Address select line. To select intemal registers. 


RTS* 


22 





Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


23 


o 


Data terminal read (active low). To indicate that 
ST16C1550 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writinga"r at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


24 


1 


Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


25 


1 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR bit-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


26 


1 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD^ 


27 


1 


Carrier detect (active low). A low oh this pin indicates the 
carrier has been detected by the modem. 


VCC 


28 


1 


Power supply input. 
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Symbot 


Pin 


Signal Type 


Pin Description 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 


9 


1 


Serial data input. The serial information (data) received 
from serial port to ST1 6C1 551 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 


10 


o 


Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. TheTX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 


11 


1 


Chip select (active low). A low at this pin enables the 
ST16C1551 / CPU data transfer operation. 


CLK 


12 


1 


External clock input. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


low* 


13 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 


14 


o 


Signal and power ground. 


lOR* 


15 


1 :,„,... 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C1551 data bus to the CPU.. 


Rl* 


16 




Ring detect indicator (active low). A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


RST 


17 


O 


Reset output (active high). The ST16C1551 provides a 
buffered reset output which is gated intemally with MCR bit- 

2. , 


INT 


18 


o 


Interrupt output, (three state / active high) This pin goes high 
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ST16C1 551 SYMBOL DESCRIPTION 1 



Symbol 




Signal Type 


Pin Description 








(when enabled by the intenrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


A0-A2 


21-19 


1 


Address select line. To select internal registers. 


RTS* 


22 


o 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low slate. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


23 


o 


Data terminal read (active low). To indicate that 
ST16C1551 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR bit-0 will setthe DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or afterthe reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


24 


1 


Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


25 


1 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


26 


1 


Data set ready (active low). A low on this pin Indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 


27 


1 


Canrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 


28 


1 


Power supply input. 



3 
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PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Intermpt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



N.C. 

D4 I 3 

D5 I 4 
D6 

D7 [~6 

RX I 7 

TX I 8 

cs.[ 

N.C. [W_ 

N.C. [TT 

N.C. ni 



ST16C1550CQ48 
ST16C1551CQ48 



i U i 1 I ^ i I a ^ M 

X 5< 



36 I N.C. 
IT] N.C. 

34]crs* 

33 I RESET 
32 I DTR* 
IT] RTS* 
30 I AO 
29 I N.C. 
28~| Al 
27] A2 
26^ N.C. 
25IN.C. 
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ST16C1S50 ACCESSIBLE REGISTERS 



A2A1Ad 


Register 


filT-r 


BIT-e 


|||||||| 


iilBii 


liilil 


BtT-2 


filT-t 


lliili 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-O 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


blt-2 


bit-1 


bit-0 


1 


lER 








0/ 
special 
mode 





modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 


0/TX 
trigger 
(MSB) 


0/TX 
trigger 
(LSB) 


DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


10 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 


0/ 

RXRDY 


0/ 

TXRDY 


int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 


0/power 
down 








loop 
back 


INT 
enable 


SOFT 
reset 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans. 

holding 

empty 


break 
intenrupt 


framing 
error 


parity 
enror 


ovenrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


b'tt'7 


bit-6 


bits 


bit'4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit'13 


bit-12 


bit-11 


bit-10 


bit-9 


bits 



DLL and DLM are accessible only when LCR bit-7 Is set to "1 ". 
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A2A1 AD 


Register 


BIT-7 




BIT-5 




BIT-a 


Blt^2 


BIT-i 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 








0/ 
special 
mode 





modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 


0/TX 
trigger 
(MSB) 


0/TX 
trigger 
(LSB) 


DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


10 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 


0/ 

RXRDY 


0/ 

TXRDY 


int 
priority 
bit-2 


int 
priority 
bit-1 


Int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
blt-0 


1 


MCR 


0/power 
down 








loop 
back 


INT 
enable 


SOFT 
reset 


RTS* 


DTR* 


10 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-IB 


bit-14 


bit-13 


bit-12 


bit-11 


bit-1 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 is set to "1 ". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to T when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiverstatus codes will 
be posted in the Line Status Register. 



FIFO POLLED MODE OPERATION 

When FOR BIT-0=1 ; resetting lER BIT 3-0 to zero puts 
the ST16C1 550/51/52 in the FIFO polled mode of 
operation. Since the receiver and transmitter are 
controlled separately either one or both can be in the 
polled mode operation by utilizing the Line Status 
Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any enrors 
in the receive FIFO. 



■I 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
intenrupts (lER BIT-0=1) are enabled, receiver inter- 
mpt will occur as follows: 

A) The receive data available intenrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the intenrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transfenred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



The ST16G1 550/51/52 requires to have two step 
FIFO enable operation in order to enable receive 
trigger levels. 

PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C1 550/51/52 contains a programmable 
Baud Rate Generator that is capable of taking any 
clock input from DC-8 MHz and dividing it by any 
divisor from 1 to 2^^ -1 . The output frequency of the 
Baudout* is equal to 16X of transmission baud rate 
(Baudout*=16 x Baud Rate). Customize Baud Rates 
can be achieved by selecting properdivisor values for 
MSB and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) masks the incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IERBIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IERBIT-1: 

0=disable the transmitter empty intenrupt. 
1=enable the transmitter empty interrupt. 

lER BIT-2: 

0=disable the receiver line status interrupt. 
1 =enable the receiver line status interrupt. 

lERBIT^: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

lER BIT 4-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C1 550/51/52 provides four level prioritized 
intenrupt conditions to minimize software overhead 
during data character transfers. The Interrupt Status 
Register (ISR) provides the source of the interrupt in 
prioritized matter. During the read cycle the 
ST16C1 550/51/52 provides the highest interrupt 
level to be serviced by GPU. No other interrupts are 
acknowledged until the particular intenrupt is serviced. 
The following are the prioritized intenrupt levels: 



Priority level 



p 


OZ 


02 


Di 


DO 


Source of the Interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Received Data 












time out) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



•RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Charactertime = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISRBIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3: 

This bit is used with conjunction of ISR bit 0-2: 
O=normal interrupt mode 

1 =receive time-out indicator when priority level is set 
to "2" (D0=0, D1=0, and D2=1) 

ISRbit-4: 

This bit is the compliment of TXRDY* (ST1 6C550) pin. 

0=transmitter is full 

1 =transmitter is empty or less than full 

ISRbit-5: 

This bit is the compliment of RXRDY* (ST16C550) 
pin. 
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0=receiver is empty. 
1=receiver is not empty 

ISR bit-6-7: 
0=16C450 mode 
1=16C550 mode 



Receive operation in mode "0": 
When ST16C550 is in ST16C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 



FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 



Transmit operation in mode "1": 
When ST1 6C550 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) the TXRDY* pin will become high (inactive) 
when the transmit FIFO Is completely full. It will be low 
if one or more FIFO locations are empty. 



FCRBIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 

FCRBIT-I: 

0=No change. 

1=Clearsthe contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will retum to zero after 
clearing the FIFOs. 

FCRBIT-2: 

0=No change. 

1=Clearsthe contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will retum to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode -1". 



Receive operation in mode "1": 
When ST1 6C550 is in FIFO mode ( FCR bit-0-1 , FCR 
bit-3=1 ) and the trigger level or the timeout has been 
reached, the RXRDY* pin will go low. Once it is 
activated it will go high (inactive) when there are no 
more characters in the FIFO. 

FCR BIT 4-5: 

These bits are used to set the transmit trigger levels. 
See receive FIFO trigger table. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BiT-e 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



Transmit operation in mode "0": 
When ST1 6C550 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 . FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the ftrst character is loaded into the transmit 
holding register. 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 
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LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 




Word length 








5 





1 


6 


1 





7 


1 




8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The internal baud rate counter latch enable (DLEN). 

O=normal operation. 

1 =select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 





LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity fomnat. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
sameformat. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1 's in the transmitted data, receiver also 
checks for same format 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
T in the transmitted and received data. 



This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCRBIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCRBIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCR BIT-2: 

O=normal operation. 

1=software reset, set RST outputto high. 



MCR BIT-3: 

0=set INT output pin to three state mode. 
1=set INT output pin to normal operation mode. 

MCR BIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Marie condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl*are 
disabled. Intemally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, SOFT 
reset and INT enableare connected to modem control 
inputs. 
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In this mode , the receiver and transmitter intenrupts 
are fully operational. The Modem Control Intenojpts 
are also operational, but the intenrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 



associated with the character at the top of the FIFO. 
LSR BIT^: 

0=no break condition (nomriai). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 



MCR BIT 5-6: 

Not used. Are set to zero permanently. 

MCR bit-7: 
O=normal mode. 

1=powerdown mode. CLK, XTAL1 , XTAL2, and baud 
rate generators are disabled. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register or FIFO. 

1 =data has been received and saved in the receive 

holding register or FIFO. 

LSRBIT-1: 

0=no ovenrun enror (normal). 
1 =ovenrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transfenred to the 
FIFO. 

LSRBIT-2: 

0=no parity enror (nonnal). 
1=parity enror, received data does not have conrect 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing enror (normal). 

1 =framing error received, received data did not have 

a valid stop bit. In the FIFO mode this error is 



LSR BIT-5: 

0=transmit holding register is full. ST16C1 550/51/52 
will not accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSRBIT-6: 

0=transmitter holding and shift registers are full. 
1 =transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSR BIT-7: 

0= Normal. 

1=At least one parity enror, framing enror or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the cunrent state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

I ndicates that the CTS* input to the ST1 6C1 550/51 /52 
has changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C1 550/51/ 
52 has changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C 1550/51/52 
has changed from a low to a high state. 
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MSR BIT-3: BAUD RATE GENERATOR PROGRAMMING 

Indicates that the CD* input to the ST16C1 550/51/52 TABLE (1.8432 MHz CLOCK): 
has changed state since the last time it was read. — i 





RAIJn RATF 






IVIOlX Dl l '*Wa 








This bit is equivalent to RTS in the MCR during local 








loop-back mode. It is the compliment of the CTS* 


50 


2304 




input. 


75 


1536 






110 


1047 


0.026 


MSRBlT-5: 


134.5 


857 


0.058 


This bit is equivalent to DTR in the MCR during local 


150 


768 




loop-back mode. It is the compliment of the DSR* 


300 


384 




input. 


600 


192 






1200 


96 




MSR BIT-6: 


2400 


48 




This bit is equivalent to SOFT reset in the MCR during 


3600 


32 




local loop-back mode. It is the compliment of the Rl* 


4800 


24 




input. 


7200 


16 






9600 


12 




MSRBIT-7: 


19.2K 


6 




This bit is equivalent to INT enable in the MCR during 


38.4K 


3 




local loop-back mode. It is the compliment to the CD* 


56K 


2 


2.77 


input. 


115.2K 


1 





Note: Whenever MSR BIT3-0: is set to logic T, a 
MODEM Status intenrupt is generated. 



SCRATCHPAD REGISTER (SR) 

ST1 6C1 550/51/52 provides a temporary data register 
to store 8 bits of infomnation for variable use. 



SIGNALS 


RESET STATE 


TX 

SOFT reset 
RtS* 
DTR* 
INT 


High 
High 
High 
High 

Three state 



ST16C1550/51/52 EXTERNAL RESET CONDI- 
TION 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


ICR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0. 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0. 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 
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AC ELECTRICAL CHARACTERISTICS 



1^=25° C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




tinits 


Canilitlons 






Min 


Typ 


Max 














1 


Clock high pulse duration 


50 






ns 




2 


Clock low pulse duration 


50 






ns 


Extemal clock 




Clock rise/fall time 






10 


ns 




\ 


Chip select setup time 


5 






ns 






Chip select hold time 









ns 






Data set up time 


15 






ns 




Tl3 


Data hold time 


15 






ns 






low* delay from chip select 


10 






ns 




15 


low* strobe width 


50 






ns 




T,e 


Chip select hold time from lOW* 









ns 






Write cycle delay 


55 






ns 




Tw 


Write cvcle=T +T 

■ V 1 1 L w w 1517 


105 






ns 




T„ 


Data hold time 


15 






ns 




T„ 


lOR* delay from chip select 


10 






ns 




T» 


lOR* strobe width 


65 






ns 




T„ 


Chip select hold time from lOR* 









ns 




T« 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 


^28 


Delay from lOW* to output 






50 


ns 


100 pF load 


T« 


Delay to set intenrupt from MODEM 
input 






70 


ns 


1 00 pF load 


T30 


Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T„ 


Delay from stop to set intenrupt 








ns 


100 pFload 




Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 














Delay from stop to interrupt 






100 


ns 






Delay from lOW* to reset interrupt 






175 


ns 





Note 1 : * = Baudout* cycle 
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^ ABSOLUTE MAXIMUM RATINGS 



Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70** C 

Storage temperature -40° C to +150'' C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 




V, 


Input low level 


-0.5 




0.8 


V 






Input high level 


2.2 




VCC 


V 




Vol 


Output low level on ail outputs 






0.4 


V 


loL=6mA 


^OH 


Output high level 


2.4 






V 


loH=-6mA 


•cc 


Avg. power supply current 




6 




mA 




I.L 


Input leakage 






±10 


mA 






Clock leakage 






±10 


mA 





28 PIN PLASTIC-DIP ST16C1550 28 PIN PLASTIC-DIP ST16C1551 



DO 


K 




28] 


VCC 


DO 


K 




3 


VCC 


D1 


H 






CD* 


D1 


K 






CD* 


D2 






26] 


DSR* 


D2 








DSR* 


D3 


K 






CTS* 


D3 








CTS* 


D4 


K 






RESET 


D4 








RESET 


D5 




CO 


23] 


DTR* 


D5 


E 


CO 
CM 

Q. 




DTR* 


D6 




i 


22] 


RTS* 


D6 


E 






RTS* 


D7 




6Cie 




AO 


D7 


E 


I6C1J 




AO 


RX 


K 




20] 


A1 


RX 


E 






A1 


TX 








A2 


TX 


E° 




1?] 


A2 


CS* 








INT 


CS* 








INT 


XTAL1 








Rr 


CLK 








RST 


XTAL2 








lOR* 


low 








RT 


low* 








GND 


GND 








lOR* 
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MODEM TIMING 




CLOCKTIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 
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CO 



O 
o 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 



START BIT 

\4 W 



DATA BITS (5-8) 



STOP BIT 

-W W 



DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T33 




16 BAUD RATE CLOCK 
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ST16C1550 
ST16C1551/1552 



RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 
\< w 



DATA BITS (5-8) 



DO 



D1 



D2 



D3 



D4 




5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



! * 
PARITY BIT 



NEXT 
DATA 
START BIT 

#- T31 



T32 



16 BAUD RATE CLOCK 



3-144 



ST16C2550 



Printed February 23, 1994 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST1 6C2550 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFO. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz for each UART. 
The ST16C2550 is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C2550 on board status 
registers provides the en-or conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor intenrupt system that may be software 
tailored to the user's requirements. The ST16C2550 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C2550 is fabricated in an advanced 1.2|i 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 



DS 


CI 


O 


39] 


RESET 


D6 


[I 




M] 


DTRB' 


07 


u 




m 


DTRA* 


RXB 






m 


RTSA* 


RXA 






^ 


OPA* 


TXRDYB 




ST16L2550CJ44 


n 


RXROYA* 


TXA 


QI 




m 


INTA 


TXB 


Qi 




E] 


INTB 


OPS' 


GI 




iD 


AO 


CSA* 


Gi 






A1 


CSB" 


Qi 






A2 
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Plastic-DIP Package 



FEATURES 



• Pin to pin and functional compatible to ST1 6C2450 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with enror flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C2550CP40 Plastic-DIP 0° C to + 70° C 
ST16C2550CJ44 PLCC 0*' C to + 70° C 

^Industrial operating range are available 



DO 


K 




40] 


vcc 


D1 


H 




is] 


RIA* 


D2 


H 




S] 


CDA* 


D3 


E 




El 


DSRA* 


D4 


E 






CTSA* 


D5 


E 






RESET 


D6 


E 






DTRB* 


D7 


E 




33| 


DTRA* 


RXB 


E 


6C2550CP40 


32] 


RTSA* 


RXA 


^ 


^ 


OP A* 


TXA 


E 


30] 


INTA 


TXB 


E 




29] 


INTB 


OPB* 


E 




28| 


AO 


CSA* 


E 






A1 


CSB* 


E 






A2 


XTAL1 


E 






CTSB* 


XTAL2 


E 






RTSB* 


low 


E 






RIB* 


CDS* 


E 




22] 


DSRB* 


GND 


|20 




13 


lOR* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Piit De^criptioii 


D0-D7 


1-8 


I/O 


Bi-directional data bus. Eight bit. three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RXA/B 


10,9 


1 


Serial data input A/B. The serial information (data) received 
from serial port to ST1 6C2550 receive Input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from extemal 
connection and connected to the TX output intemally. 


TXA/B 


11.12 


o 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start . stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


CS A/B* 


14.15 


1 


Chip select A/B. (active low) A low at this pin enables the 
ST1 6C2550 / CPU data transfer operation. 


XTAL1 


16 


1 


Crystal input 1 or extemal clock input. A crystal can be 
connected to this pin and XTAI-2 pin to utilize the intemal 
oscillator circuit. An extemal clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


17 


1 


Crystal input 2 or buffered clock output. See XTAL1 . 


low* 


18 


1 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR* 


21 


1 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C2550 data bus to the CPU. 


A0-A2 


28-26 


1 


Address select lines. To select intemal registers. 


INT A/B 


30.29 


o 


Intenrupt output A/B. (active high) This pin goes high (when 
enabled by the intenrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Descriptidh 


OP2 A/B* 


31 


o 


Interrupt enable output (active low). This pin stays high 
when INT out pin is set to three state mode and goes low 
when INT pin is enabled via OP2*. See bit-3 modem control 
register (MCR bit-3). 


RTSA/B* 


32.24 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modenri control register (MGR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


DTRA/B* 


33,34 


o 


Data terminal ready A/B (active low). To indicate that 
ST16G2550 is ready to receive data. This pin can be 
controlled via the modem control register (MGR bit-0). 
Writing a "1" atthe MGR bit-0 will setthe DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


35 


■ 1 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


GTS A/B* 


36,25 


\ 


Glear to send A/B (active low). The GTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. GTS* has no effect on the 
transmit or receive operation. 


DSR A/B* 


37,22 


1 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


GDA/B* 


38,19 


1 


Garrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


Rl A/B* 


39,23 




Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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SYMIBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


vcc 


40 


1 


Power supply input. 


GND 


20 


o 


Signal and power ground. 


TXRDYA/B 


1.12** 


o 


Transmit ready, (active high) This pin goes high when the 
transmit FIFO of the ST16C550 is full. It can be used as a 
single or multi-transfer. 


RXRDYA/B* 


34,23** 


o 


Receive ready, (active low) This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 



Available on the PLCC package only. 



PROGRAMMING TABLE 



A2 


A1 


AO 


r^£AD MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Intenrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C2550 ACCESSIBLE REGISTERS A/B 



A2A1 AO 


Register 


BIT-7 


BIT-6 


BiT-5 


811-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FOR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


OP2/ 
INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
error 


parity 
enror 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit'6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit'15 


bit'14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bits 



DLL and DLM are accessible only when LCR bit-7 Is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to T when the transmitter is 
empty or data is transfenred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver intemal 
counter will start to count 7 1/2 clocks {16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (lER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available intenrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the intenrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transfenred from the shift register to the 
receiver FIFO, ft is reset when the FIFO is empty. 



FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting lER BIT 3-0 to zero puts 
the ST16C2550 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which enror(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST16C2550 requires to have two step FIFO 
enable operation in order to enable receive trigger 
levels. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST1 6C2550 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2^^ -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
X Baud Rate). Customize Baud Rates cah be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Intenrupt Enable Register (lER) masks the incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IERBIT-0: 

0=disable the receiver ready interrupt. 
1=enablethe receiver ready interrupt. 

IERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IERBIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IERBIT-3: 

0=disable the modem status register intenrupt. 
1=enable the modem status register interrupt. 

lER BIT 4-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C2550 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C2550 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular intenrupt is serviced. The following are the 
prioritized interrupt levels: 

Priority level 



ill 


ill 


ill 


ill 


iiii 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Received Data 












time out) 


3 








1 





TXRDY( Trarvsmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



*RECEIVE TIME-OUT: 

This mode Is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISRBIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISRBIT4*7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in 
ST16C2550mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCRBIT-0: 

0=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0=No change. 

1=Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-2: 

0=No change. 

1 =Clears the contents of the transnnit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will retum to zero after 
clearing the FIFOs. 

FCRBIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST16C2550 is in ST1 60450 mode ( FOR bit- 
0=0 ) or in the FIFO mode ( FOR bit-0=1 , FCR bit-3=0 
) when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST16C2550 is in ST16C450 mode ( FCR bit- 
0=0 ) or in the FIFO mode ( FCR bit-0=1 . FCR bit-3=0 
) and there is at least 1 character in the receive FIFO, 
the RXRDY* pin will go low. Once active the RXRDY* 
pin will go high (inactive) when there are no more 
characters in the receiver. 

Transmit operation in mode "1": 
When ST16C2550 Is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 



Receive operation in mode "1": 
When ST16C2550 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBITt-O: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BlT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 
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LCR BIT-2: 

The number of stop bits can be specified by this bit. 



iiiilii 


Word length 


Stop bit(s) 





5.6,7.8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCRBIT-4: 

If the parity bit Is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1 's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"V in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state): 
O=normai operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The intemal baud rate counter latch enable (DLAB). 
0= normal operation. 
1=select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCRBIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCRBIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCR BIT-2: 

Not used except in local loop-back mode. 
MCRBIT-3: 

0=set INT output pin to three state mode and OP2* 
output to high. 

1=set INT output pin to normal operating mode and 
OP2* output to low. 

MCR BIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Intemally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and OP2*/INT enable are connected to modem 
control inputs. 

In this mode , the receiver and transmitter intenrupts 
are fully operational. The Modem ControMntenrupts 
are also operational, but the interrupts sources are 
now the lowerfourbits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the I ER. 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 
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LSRBIT-0: 

0=no data In receive holding register or FIFO. 
1=data has been received and saved In the receive 
holding register or FIFO. 

LSRBIT-1: 

0=no ovenrun error (normal). 
1 =ovenrun enror, next character arrived before receive 
holding register was emptied or If FIFOs are enabled, 
an ovenrun enror will occur only after the FIFO Is full 
and the next character has been completely received 
in the shift register. Note that character In the shift 
register Is overwritten, but it is not transferred to the 
FIFO. 

LSRBIT-2: 

0=no parity enror (normal). 
1=parity enror, received data does not have correct 
parity Information. In the FIFO mode this enror is 
associated with the character at the top of the FIFO. 

LSRBIT-3: 

0=no framing error (normal). 
1 =framing en"or received, received data did not have 
a valid stop bit. In the FIFO mode this error Is 
associated with the character at the top of the FIFO. 

LSR BIT^: 

0=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character Is loaded into the FIFO. 

LSR BIT-5: 

0=transmit holding register is full. ST16C2550 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 



LSRBIT-7: 

0=Normal. 

1=At least one parity enror, framing enror or break 
indicatton in the FIFO. This bit is cleared when LSR Is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control Input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSRBIT-0: 

Indicates that the CTS* input to the ST16C255D has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* Input to the ST16C2550 has 
changed state since the last ttme it was read. 

MSRBIT-2: 

Indicates that the Rl* input to the ST16C2550 has 
changed from a low to a high state. 

MSRBIT-3: 

Indicates that the CD* input to the ST16C2550 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit Is equivalent to RTS In the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit Is equivalent to MCR blt-2during local loop- 
back mode. It is the compliment of the Rl* input. 
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MSRBIT-7: 

This bit is equivalent to OP2*/INT enable in the MCR 
during local loop-back mode. It is the compliment to 
the GD* input. 

Note: Whenever MSR BIT3-0: is set to logic T, a 
MODEM Status Intenrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C2550 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 X CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C2550 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1. ISR BITS 1-7=0 


LOR 


LOR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0. 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FOR 


FCR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state mode 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vjjc=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















1 


Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


External clock 




Clock rise/fall time 






10 


ns 




\ 


Chip select setup time 


5 






ns 






Chip select hold time 









ns 






Data set up time 


15 






ns 






Data hold time 


15 






ns 






low* delay from chip select 


10 






ns 




15 


low* strobe width 


50 






ns 






Chip select hold time from lOW* 









ns 




Tl7 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 






Data hold time 


15 






ns 




Tzi 


lOR* delay from chip select 


10 






ns 




T23 


lOR* strobe width 


65 






ns 




T24 


Chip select hold time from lOR* 









ns 




T.. 


Read cycle delay 


55 






ns 




Tr 


Rpad fivfiip=T +T 

rvcau v/jwic 1 23 ' 25 


115 






1 lO 






Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from 10 W* to output 






50 


ns 


100 pF load 




Delay to set interrupt from MODEM 






70 


ns 


100 pF load 


input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pF load 




Delay from stop to set intenrupt 






1 

•Rdc 


ns 


100 pF load 


"^32 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenrupt 






100 


ns 






Delay from lOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1 

'rclk 






T.. 


Delay from lOR* to reset RxRdy 






1 


us 




T46 


Delay from lOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216. t 







Note 1 : * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70** C 

Storage temperature -40** C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



1^=25** C, Vj^=5.0 V ± 5% unless othen/vise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 














Ylck 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




vcc 


V 




V. 


Input low level 


-0.5 




0.8 


V 




V,H 


Input high level 


2.2 




VCC 


V 




Vo, 


Output low level on all outputs 






0.4 


V 


loL=6mA 


VoH 


Output high level 


2.4 






V 


loH=-6mA 


Ice 


Avg. power supply current 




6 




mA 




1. 


Input leakage 






±10 


mA 






Clock leakage 






±10 
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GENERAL READ TIMING 



A0-A2 



CSx* 



lOR* 




T26 H ►! T19 



D0-D7 
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MODEM TIMING 



low 



RTS* 
DTR* 



T28 



A 



CD 

CTS 

DSR 



INTx 



lOR* 



Rl 



T29 k >i 



T29 



T30 



T29 



CLOCK TIMING 



EXTERNAL 
CLOCK 



12 

'M ^ ^ ► 








/ \ , 

T1 '|\ / 

< ^ p< 


< ■ ► 


^ ^ N 



T3 




CLOCK PERIOD CLOCK PERIOD 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 



STOP BIT 

>1 N W 




16 BAUD RATE CLOCK 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 
1^ w 



DATA BITS (5-8) 



STOP BIT 
-w 1^ w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



07 \ 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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RXRDY TIMING FOR MODE "0" 



START BIT 



RX INPUT 
(First byte) 



DO 



DATA BITS (5-8) 



STOP BIT 
-w w w 



D1 



D2 



D3 



D4 



D5 




5 DATA BITS 



PARTTYBrr 



6 DATA BITS 



7 DATA BITS 



\J4A 



RXRDY 



-WT45 



lOR* 
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RXRDY TIMING FOR MODE "1" 



RX INPUT 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



Fl rst byte that reaches 
the trigger level 



•IT44 



RXRDY 



N HT45 



lOR* 
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TXRDY TIMING FOR MODE "0" 



START BIT 
w w 



DATA BITS (5-8) 



TX OUTPUT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 ) 




5 DATA BITS 



PARITY BFT 



6 DATA BITS 



7 DATA BITS 



lONAT 



D0-D7 



TXRDY 
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TXRDY TIMING FOR MODE "1" 



TX OUTPUT 




io\Ar 



D0-D7 



TKRDY 



KBYTE #16 



5 DATA BITS 



PARTY err 



6 DATA BITS 



7 DATA BITS 



T46 



h<- T47 



FIFO FULL 



3-166 



STARTECH 



ST16C2552 



Printed Febmary 23, 199 
DUAL ASYNCHRONOUS RECEIVERTTRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST1 6C2552 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFOs. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz for each UART. 
The on board status registers of the ST16C2552 
provide the en-or conditions, type and status of the 
transfer operation being performed. Complete MO- 
DEM control capability and a processor interrupt 
system that may be software tailored to the user's 
requirements are included. The ST16C2552 provides 
intemal loop-back capability for on board diagnostic 
testing. 

Signalling for DMA transfers is done through two pins 
per channel ( TXRDY, RXRDY* ). The RXRDY* func- 
tion is multiplexed on one pin with the OP2* and 
BAUDOUT functions. CPU can select these functions 
through the Altemate Function Register. 
The ST16C2552 is fabricated in an advanced 1.2n 
CMOS process to achieve low power and high speed 
requirements. 



PLCC Package 
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TXA 
DTRA* 
RT8A* 
MTA' 

INTA 
VCC 
TXRDY8 



FEATURES 



► Pin to pin and functional compatible to National 
NS16C552 

* 1 6 byte transmit FIFO 

► 1 6 byte receive FIFO with enror flags 

► Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

► Programmable character lengths (5, 6, 7, 8) bits 

► Even, odd, or no parity bit generation and detection 
» Status report register 

► TTL compatible Inputs, outputs 

» Independent transmit and receive control 

» Software compatible with INS8250, NS16C550 

* 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C2552CJ44 PLCC 0** C to + 70** C 

ST1 6C2552I J44 PLCC -40* C to + 85** C 
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RTSA*.DTRA* 
^ MFA*.MFB* 
RTSB*.DTRB* 



CTSA*.DSRA* 
CTSB*.DSRB* 
CDA*. RIA* 
CDB*.RIB* 



TRANSMIT FIFO 
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SYMBOL DESCRIPTION 
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Sjgildi Typ0 


Pin Description 


r\f\ r^"7 
UU-uf 




I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


DY A/R 




i 
1 


OcMal Udla inpUlM/D. i He SSnai inTOnTialiOn ^Uala^ reC6IV6U 

from serial port to ST16C2552 receive input circuit. A mark 
(high) is logic one and a space (low) islogic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output intemally. 


1 A A/D 


Oft 

oo,zo 


u 


oeriai aata ouipui a/d. i ne senai aaia is iransmiuea via 
this pin with additional start , stop and parity bits. The TXwill 
be held in marie (high) state during reset, local loopback 
moo6 or wnen ins iransmnier is aiooiuicu. 


CS* 


18 


1 


Chip select, (active low) A low at this pin enables the 

^T1fiP9'^*^9 / PPI 1 rlata trancfpr nnt^rai'inn 
O 1 l\j\^£.>j>j£. 1 v-»i vJ Uald llallolCI UpClclllUII. 


CHSEL 


16 


1 


UART A/B select. UART AorBcan be selected by changing 
liic olaic OT in lb pin wnen v/O lo aciivc. low uii iiiio piii, 
selects the UART B and high on this pin selects UART A 
section. 


XTAL1 


11 


1 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the intemal 
oscillator circuit. An extemal clock can be used to clock 
intemal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


13 


1 


Crystal input 2 or buffered clock output. See XTAL1. 
Should be left open if a cicok is connected to XTAL1 . 


low* 


20 


1 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR* 


24 


1 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C2552 data bus to the CPU. 


A0-A2 


10,14,15 


1 


Address select lines. To select intemal registers. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


INTA/B 


34.17 


O 


Intermpt output A/B. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


MF A/B* 


35,19 


O 


OP2* (interrupt enable), BAUDOUT* and RXRDY* outputs. 
These outputs are multiplexed via Altemate Function Reg- 
ister. When output enable function is selected the MF* pin 
stays high when INT out pin is set to three state mode and 
goes low when INT pin is enabled. See bit-3 modem control 
register (MCR bit-3). When BAUDOUT function is selected, 
the 16 X TX/RX Baud rate clock output is generated. 
RXRDY function can be selected to use to request a DMA 
transfer of data from the Receive data FIFO. OP2* is the 
default signal and it is selected immediately after master 
reset or power-up. 


TXRDYA/B 


1.32 


o 


Transmit ready, (active high) This pin goes high when the 

tran<;mit FIFO of thp ST16C2552 i^full It fian hp u'iP'd as a 

11 a 1 lv>l 1 III 1 II V./ \Jl 11 IW \J 1 1 \J\^^>JyJs^ lO lull. 11 V/CII 1 li/w UOCU d 

single or multi-transfer. 


RTS A/B* 


36,23 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


DTR A/B* 


37,27 


o 


Data terminal ready A/B (active low). To indicate that 
ST16G2552 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1" atthe MCRbit-O willsettheDTR*outputtolow. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit dr receive operation. 


RESET 


21 




Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


CTS AJB* 


40.28 


1 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


DSRA/B* 


41,29 


1 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD A/B* 


42.30 


1 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


Rl A/B* 


43.31 


1 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 


VCC 


33,44 


1 


Power supply input. 


GND 


12,22 





Signal and power ground. 



PROGRAMMING TABLE 



A2 


A1 


AD 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Intenrupt Enable Register 





1 





1 ntenrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 





1 





Altemate Function Register 


Altemate Function Register 
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ST16C2552 ACCESSIBLE REGISTERS A/B 



A2A1A0 


Register 


BIT-7 


BIT-e 


BIT-5 


BIT-4 


BIT-3 


BIT«2 


BIT-1 


BIT-0 


r\ f\ n 
U U 


rii 11— > 

KHK 


Dlt-7 


Dit-D 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


U U 1 


■ CD 





U 


U 


U 


modem 
status 
intenrupt 


receive 
line 
status 

llllCI 1 U|Jl 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 

Mod) 


RCVR 
trigger 

/I OD\ 

(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


10 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 

nrinritx/ 

bit-2 


int 

nrinritx/ 

bit-1 


int 

nrinritv 

bit-0 


int 


1 1 


LCR 


divisor 
laicn 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 

Kite* 

DItS 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


OP2* 


OP1* 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
enror 


parity 
error 


ovenrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CIS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


biU7 


bit'6 


bits 


bit-4 


bit'3 


bit'2 


bit'1 


bit'O 


1 


DLM 


bit'15 


bit'14 


bit'13 


bit-12 


bit'11 


bit'10 


bit'9 


bit-8 


1 


AFR 

















MF* 
sel'1 


MF* 
sei'O 


SP 
write 



These registers are accessible oniy wlien LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks {16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (PGR BIT-0=1) and receive 
interrupts (lER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared assoon asthe 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFOtrigger level is reached, and like 
the intenrupt it is cleared when the FIFO drops below 
the trigger level. 

0) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



FIFO POLLED MODE OPERATION 

When FOR BIT-0=1 ; resetting lER BIT 3-Oto zero puts 
the ST16C2552 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately eitherone or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 



PROGRAMMABLE BAUD RATE GENERATOR 

Each UART section of the ST16G2552 contains a 
programmable Baud Rate Generator that is capable 
of taking any clock input from DC-8 MHz and dividing 
it by any divisor from 1 to 2^® -1 . The output frequency 
of the Baudout* is equal to 16X of transmission baud 
rate (Baudout*r 1 6 x Baud Rate). Customize Baud 
Rates can be achieved by selecting proper divisor 
values for MSB and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (I ER) masks the incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

lER BIT-0: 

0=disable the receiver ready intenrupt. 
1=enable the receiver ready intenrupt. 
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IERBIT-1: 

0=disable the transmitter empty Interrupt. 
1 =enable the transmitter empty intenrupt. 

IERBIT-2: 

0=disable the receiver line status Intenrupt. 
1=enable the receiver line status intenrupt. 

IERBIT-3: 

0=clisable the modem status register Intenrupt. 
1=enable the modem status register intenrupt. 

IERBIT4-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C2552 provides four level prioritized Inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the intenrupt in priori- 
tized matter. During the read cycle the ST16C2552 
provides the highest intenrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



P 


D3 


P2 


Dt 


DO 


Source of th^ interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Receive Data 












time out) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



•RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40/ 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programsthe word length = 7, with 

parity and one stop bit, thetime out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISRBIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero if the FIFOs 
are not enabled. BIT 6-7: are setto "1 "when the FIFOs 
are enabled. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCRBIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
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FCRBIT-1: 

0=No change. 

1=Clears the contents of the receive FIFO and resets 
Its counter logic to (the receive shift register Is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-2: 

0=No change. 

1 =Glearsthe contents of the transnnit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode T. 

Transmit operation in mode "0": 
When ST16C2552 is in ST16C450 mode ( FOR bit- 
0=0 ) or in the FIFO mode ( FOR bit-0=1 . FCR bit-3=0 
) when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST16C2552 is in ST16C450 mode ( FCR bit- 
0=0 ) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 
) and there is at least 1 character in the receive FIFO, 
the RXRDY* pin will go low. Once active the RXRDY* 
pin will go high (inactive) when there are no more 
characters in the receiver. 

Transmit operation in mode "1": 
When ST16C2552 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 

Receive operation in mode 

When ST16C2552 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 



no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT*^ 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



ALTERNATE FUNCTION REGISTER (AFR) 

This is a read/write register used to select specific 
modes of MF* operation and to allow both UART 
registers sets to be written concunrently. 

AFR BIT-0: 

When this bit Is set, CPU can write concunrently to the 
same register in both UARTs. This function is intended 
to reduce the dual UART initialization fime. It can be 
used by CPU when both channels are initialized to the 
same state. CPU can set or clear this bit by accessing 
either register set. When this bit is set the channel 
select pin still selects the channel to be accessed 
during read operation. Setting or clearing this bit has 
no effect on read operations. 
The user should ensure that LCR Bit-7 of both chan- 
nels are in the same state before execufing a concur- 
rent write to the registers at address 0,1 , or 2. 

AFR BIT 1-2: 

Combinations of these bits selects one of the MF* 
functions. 
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BIT-2 


BIT-1 


MF* Function 








OP2* 





1 


BAUDOUT* 


1 





RXRDY* 


1 


1 


Reserved 



AFR BIT 3-7: 

Not used. All these bits are set to logic zero. 



1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1= EVEN parity bit is generated by forcing an even 
number of 1's in the transmitted data, receiver also 
checks for same fomiat. 



LINE CONTROL REGISTER (LGR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specifythe word length to be transmit- 
ted or received. 





iiT-i 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



LCRBIT-5: 

If the parity bit is enabled, LCR BiT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
T in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1=forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLAB). 
O=normal operation. 

1=select Divisor Latch Register and Altemate Func- 
tion Register. 

MODEM CONTROL REGISTER (MCR) 



BIT*2 


Word length 


Stop blt(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 



This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCRBIT-0: 

0=force DTR* output to high. 
1 =force DTR* output to low. 

MCR BIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 
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MCR BIT-2: 

Not used except in local loop-back mode. 
MCRBIT-3: 

O=force OP2* output to high. 
1=force OP2* output to low. 

MCRBIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*. CD*, and Rl* are 
disabled. Intemally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, 0P1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the intenrupts sources are 
nowthe lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER. 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSRBIT-1: 

0=no ovenrun enror (normal). 
1 =ovenrun enror, next character anived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun enror will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 



LSR BIT-2: 

0=no parity enror (normal). 
1=parity enror, received data does not have conrect 
parity information. In the FIFO mode this enror is 
associated with the character at the top of the FIFO. 

LSRBIT-3: 

0=no framing error (normal). 
1=framing enror received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT^: 

0=no break condition (nornnal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded Into the FIFO. 

LSRBIT-5: 

0=transmit holding register is full. ST16C2552wlll not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSRBIT-7: 

0=Normal. 

1=At least one parity enror, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 
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MSRBIT-0: 

Indicates that the GTS* Input to the ST16C2552 has 
changed state since the last time It was read. 

MSRBIT-1: 

Indicates that the DSR* Input to the ST16C2552 has 
changed state since the last time it was read. 
MSR BIT-2: 

Indicates that the Rl* input to the ST16C2552 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* Input to the ST16C2552 has 
changed state since the last time It was read. 

MSRBIT-4: 

This bit Is equivalent to RTS in the MGR during local 
loop-back mode. It is the compliment of the GTS* 
Input. 

MSRBIT-5: 

This bit is equivalent to DTR in the MGR during local 
loop-back mode. It Is the compliment of the DSR* 
input. 

MSRBIT-6: 

This bit is equivalent to OP1 in the MGR during local 
loop-back mode. It Is the compliment of the Rl* Input. 

MSRBIT-7: 

This bit Is equivalent to OP2 In the MGR during local 
loop-back mode. It Is the compliment to the GD* input. 

Note: Whenever MSR BIT3-0: is set to logic T, a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16G2552 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 X CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C2552 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LGR 


LGR BITS 0-7=0 


MGR 


MGR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=lnput signals 


FGR 


FGR BITS 0-7=0 


MFR 


AFR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Low 


TxRdy 


Low 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0** C to +70" C 
-40" C to +150** C 
500 mW 



O 
ro 
oi 
oi 
ro 



DC ELECTRICAL CHARACTERISTICS 

1^=25** C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




unit^ 


Conditions 








Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 




V. 


Input low level 


-0.5 




0.8 


V 




V,H 


Input high level 


2.2 




VCC 


V 




Vot 


Output low level on all outputs 






0.4 


V 


lo = 6mA 


^OH 


Output high level 


2.4 






V 




'cc 


Avg. power supply cunrent 




6 




mA 


I.L 


Input leakage 






±10 


mA 






Clock leakage 






±10 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C. V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 


Min 


Limits 
Typ 


Max 


units 


Conciitiohs 


Ti 


Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


Extemal clock 


T3 


Clock rise/fall time 






10 


ns 




\ 


Chip select setup time 


5 






ns 






Chip select hold time 









ns 






Data set up time 


15 






ns 






Data hold time 


15 






ns 






low delay from chip select 


10 






ns 






low* Strobe width 


50 






ns 






Chip select hold time from lOW* 









ns 






Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 






Data hold time 


15 






ns 






lOR* delay from chip select 


10 






ns 




-r 

•23 


lOR strobe width 


65 






ns 




T 

'24 


Chip select hold time from lOR 









ns 




TP 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from low* to output 






50 


ns 


100 pF load 


'C 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T3, 


Delay from stop to set intenrupt 






^Rdk 


ns 


100 pF load 


T3. 


Delay from lOR* to reset intenrupt 






200 


ns 


100 pF load 


"^33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenrupt 






100 


ns 




T35 


Delay from lOW* to reset intenrupt 






175 


ns 




T3e 


Delay from initial Write to interrupt 


16 




24 


* 




T44 


Delay from stop to set RxRdy 






1 

'rclk 






T45 


Delay from lOR* to reset RxRdy 






1 


^s 






Delay from lOW* to set TxRdy 






195 


ns 






Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1: *= Baudout* cycle 
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CLOCK PERIOD CLOCK PERIOD 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 



START BIT 
w 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T33 




PARnYBIT 



NEXT 
DATA 
START BIT 

U- T34 



T35 



16 BAUD RATE CLOCK 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 
1^ w 



DATA BITS (5-8) 



STOP BIT 
->i w w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 ); 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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RXRDY TIMING FOR MODE "0" 



RX INPUT 
(First byte) 



START BIT 

N W 



DO 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



D5 




5 DATA BITS 



PARTTYBrr 



6 DATA BITS 



7 DATA BITS 



iT44 



RXRDY 



N ->l'T45 



lOR* 
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(0 



RXRDYTIMING FOR MODE "1" 



START BIT 



RX INPUT 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




h< W 

PARITY BIT 



First byte that reaches 
the trigger level 



-^T44 



RXRDY 



N HT45 



lOR* 
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TXRDY TIMING FOR MODE "0" 



TX OUTPUT 



low* 



D0-D7 



START BIT 

►! 

H4— 



BYTE #1 



DO 



DATA BITS (5-8) 



STOP BIT 

\< M 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T46 



D6 



D7 X 




PARITY BIT 



M- T47 



TXRDY 
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TXRDY TIMING FOR MODE "1" 



TX OUTPUT 



D0-D7 



TXRDY 



START BIT 

W H 



DATA BITS (5-8) 



)(BYTE#16 



STOP BIT 
-w w w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 



5 DATA BITS 




6 DATA BITS 



7 DATA BITS 



T46 



T47 



FIFO FULL 
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STARTECH 

Printed February 23, 1994 

QUAD ASYNCHRONOUS RECEIVERTTRANSMITTER WITH FIFOs 



DESCRIPTION 



PLCC Package 



The ST16C554 Is a universal asynchronous receiver 
and transmitter with 16 byte transmit and receive 
FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz. 

The ST16C554 is an Improved version of the 
NS16C550 DART with higher operating speed and 
lower access time. The ST16C554 on board status 
registers provides the enror conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C554 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C554 is fabricated in an advanced 1.2\i 
CMOS process to achieve low drain power and high 
speed requirements. 
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FEATURES 



• Pin to pin and functional compatible to ST16C454 

• 16 byte transmit FIFO 

• 1 6 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
RI*,CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 



ORDERING INFORMATION 



Part number 

ST16C554CJ68 

ST16C554IJ68 

ST16C554DCJ68 

ST16C554DIJ68 



Package Operating temperature 

PLCC 0^ C to + 70^ C 

PLCC -40*' C to + 85' C 

PLCC 0' C to + 70° C 

PLCC -40'' C to + 85'' C 



DSRA* I H 
CTiA* I 11 
DTIIA* [lF 
VCC flT 

MTA [iT 
CIA* [iT 

TXA I 17 
lovr I It 

TX* [TT 
C«« I M 

mm 

nrrer | n 
ONO [tT 
unar [u^ 
cT»r [jT 
DSRr [m[ 



O 



ST16C554DCJ68 



"sTlcTny 
"sTIomp' 

"iTIiCTip' 
"«l»rn> 

"IT] CD* 

"wItxd 

"sTItxc 
7r|c»c' 

ITipmc 



ST16C554/554D 



sip 

z Z 



^ o o 

O CO CO 

^ o > 



TXRDY 



RXRDY ^ 



XTAL1 
XTAL2 





i 






INTERRUPT 
LOGIC 




M 



CONTROL 
LOGIC 



4^ 
o o 
c o 



D 
O 

6 
-J 



I 





DATA 




BUS 



BAUD RATE 
GENERATOR 
(QUAD) 



RECEIVE FIFO 

CONTROL 
LOGIC (QUAD) 



O m 

o8 

^ z 

5 o 



RTSA*. DTRA* 
RTSB*.DTRB* 
RTSC*.DTRC* 
RTSD*.DTRD* 



TRANSMIT FIFO 

CONTOL 
LOGIC (QUAD) 



CTSA*. DSRA* 
CTSB*. DSRB* 
CDA\RIA* 
CDB*.RIB* 
CTSC*. RTSC* 
CDC.RIC* 
CTSD*.RTSD* 
CDD*.RID* 



o > 

O CD 



o > 



DD 
|- 

o 

o 

a 
> 
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SYMBOL DESCmPTION S 

o 



Syriiboi 






Pift Pesoriptlon 


D0-D7 


5-66 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RXA-B 
RXC-D 


7,29 
41,63 


1 


Serial data input. The serial infomiation (data) received 
from serial port to ST16C554 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from extemai 
connection and connected to the TX output intemally. 


TXA-B 
TXC-D 


17,19 
51,53 


o 


Serial data output. The serial data istransmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CSA-B* 
CS C-D* 


16,20 
50,54 


1 


Chip select, (active low) A low at this pin enables the 
ST16C554 / CPU data transfer operation. Each UART 
sections of the ST16C554 can be accessed independently. 


XTAL1 


35 


1 


Crystal input 1 or extemai clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorfor custom transmis- 
sion rates. 


XTAL2 


36 


o 


Crystal Input 2 or buffered clock output. See XTAL1. 


low* 


18 


1 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
GND 


6,23 
40,57 





Signal and power ground. 


lOR* 


52 


1 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C554 data bus to the CPU. 
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Symbol 


Pin 


SignsLi Typ^ 


Pin Description 


TXRDY 


39 


o 


Transmit ready, (active high) This pin goes high when the 
transmit FIFO of the ST16C554 is full. It can be used as a 
single or multi-transfer. 


A2 


32 


1 


Address select line 2. To select intemal registers. 


A1 


33 


1 


Address select line 1. To select internal registers. 


AO 


34 


1 


Address select line 0. To select intemal registers. 


RXRDY* 


38 


o 


Receive ready, (active high) This pin goes high when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


INTSEL 


65** 


1 : 


Interrupt type select. Enable /disabletheinterruptthree 
state function. Normal interrupt output can be selected 
by connecting this pin to VCC ( MCR bit-3 does not have 
any effect on the interrupt output ). The three state 
interrupt output is selected when this pin is left open or 
connected to GND and MCR bit-3 is set to "1". 


INT A-B 
INT C-D 


15,21 
49,55 





Interrupt output, (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


RTS A-B* 
RTS C-D* 


14,22 
48.56 





Request to send, (active low) To indicate that the transmit- 
ter has data ready to send. Writing a T in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTRA-B* 
DTR C-D* 


12.24 
46,58 


o 


Data terminal ready, (active low) To indicate that 
ST16C554 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR bit-0 will set the DTR*outputto low. 



ST16C554D PARTS ONLY 
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Symbol 




Signal Type 


pinDe^rjption 








This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


37 


1 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTSA-B* 
CTS C-D* 


11,25 
45,59 


1 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSRA-B* 
DSRC-b* 


10,26 
44,60 


1 


Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CDA-B* 
CD C-D* 


9.27 
43,61 


1 


Canrier detect, (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


RIA-B* 
RIC-D* 


8.28 
42.62 


1 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 
VCC 


13,30 
47.64 


1 


Power supply input. 
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ST16C554 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BlT-7 


BIT-6 


BIT-S 


BIT^ 


BIT-3 


BIT.2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 

Dlt-1 


word 
length 

Dlt-0 


1 


MCR 











loop 
back 


INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
enror 


parity 
error 


overrun 
enror 


receive 
data 
ready 


110 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 11 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


biU7 


bit'6 


bits 


bit'4 


bit'3 


bit'2 


biU1 


bit-0 


1 


DLM 


bit'15 


bit'14 


bit'13 


bit'12 


bit'11 


bit'10 


bit'9 


bits 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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PROGRAMMING TABLE 



M 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



REGISTER FUNCTIONAL DESCRIPTIONS 

TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transfenred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of thestart bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which Is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FOR BIT-0=1) and receive 
intenupts (lER BIT-0=1) are enabled, receiver Inter- 
rupt will occur as follows: 

A) The receive data available intenrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below Its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the intenrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transfenred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 

FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting lER BIT 3-0 to zero puts 
the ST16C554 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 
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A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST1 6C554 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 



PROGRAMMABLE BAUD RATE GENERATOR 



lERBIT-S: 

0=disable the modem status register intenrupt. 
1=enable the modem status register interrupt. 

lER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST1 60554 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the intenrupt in priori- 
tized matter. During the read cycle the ST1 60554 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



The ST16C554 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
X Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Intenrupt Enable Register (I ER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IERBIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready intenrupt. 

lER BIT-1: 

0=disable the transmitter empty intenrupt. 
1=enable the transmitter empty intenrupt. 

lER BIT-2: 

0=disable the receiver line status interrupt. 
1 =enable the receiver line status intenrupt. 



Priority level 



p 


D3 


D2 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Receive Data 












time out) 


3 








1 





TXRDY( Transmitter 












Hblding Register Empty) 


4 














MSR (Modem Status 












Register) 



^RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 
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Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority intenrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST1 6C450 mode. BIT 6-7: are set to "1 " in ST1 6C554 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 

FCRBIT-1: 

0=No change. 

1 =Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 



FCRBIT-2: 

0=No change. 

1=Clearsthe contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation In mode "0": 
When ST1 6C554 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST16C554 is inST16C450 mode ( FCR bit-0=0 
) orin theFJFO mode { FCR bit-0=1 , FCR blt-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C554 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST16C554 is in ST16C550 mode ( FCR bit- 
0=1 , FCR blt-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO intenrupt. 
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(0 



BlT-7 


BlT-6 


FIFO trigger levet 








01 





1 


04 


1 





08 


1 


1 


14 



LCRBIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT*1 


BJT-O 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The internal baud rate counter latch enable (DLAB). 
O=normal operation. 
1=select divisor latch register. 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop btt($) 





5,6,7. 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCRBIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCRBIT-2: 

Not used, except in jntemal loop-back mode. 
MCRBIT-3: 

0=set the INT A-D output pin to three state mode.. 
1 =Enable the INT A-D output pin. 
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MCR BIT-4: 

O=nonnal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver Input (RX) , CTS*. DSR*. CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter intenrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the intenrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSRBIT-1: 

0=no overrun enror (nonnal). 
1 =ovenrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an ovenrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity enror (nonnal). 
1=parity error, received data does not have correct 
parity infomiation. In the FIFO mode this enror is 
associated with the character at the top of the FIFO. 

LSRBIT-3: 

0=no framing error (normal). 

1=framing error received, received data did not have 



a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT^: 

0=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded Into the FIFO. 

LSR BIT-5: 

0=transmit holding register is full. ST16C554 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 ^transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSR BIT-7: 

0=Non7ial. 

1=At least one parity enror, framing enror or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the cunrent state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
infomiation. These bits are set to T whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C554 has 
changed state since the last time it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C554 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C554 has 
changed from a low to a high state. 
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MSRBIT-3: 

Indicates that the CD* input to the ST1 6C554 has 
changed state since the last time it was read. 

MSRBIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSRBIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSRBIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSRBIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST1 6C554 provides a temporary data register to store 
8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 X CLOCK 
DIVISOR 


% ERROR 


50 


2304 




110 


1047 


0.026 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C554 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR. BIT 7=0 


MSR 


MSR BITS 0-3=0. 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


RTS* 


High 


DTR* 


High 


RXRDY* 


High 


TXRDY 


Low 


INT 


Three state mode 
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AC ELECTRICAL CHARACTERISTICS 



1^=25* C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Linfiifs 




Units 


Conctttions 






Mm 


Typ 


Max 
















T, 


Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


Extemal clock 


To 


Clock rise/fall time 






10 


ns 




T. 


Chip select setup time 


5 






ns 




T. 


Chip select hold time 









ns 




T„ 


Data setup time 


15 






ns 




T,3 


Data hold time 


15 






ns 




T„ 


low* delay from chip select 


10 






ns 




T,s 


low* strobe width 


50 






ns 




T,e 


Chip select hold time from lOW* 









ns 






Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T« 


Data hold time 


15 




25 


ns 




T„ 


lOR* delay from chip select 


10 






ns 






lOR* strobe width 


65 






ns 




T 

'24 


Chio select hold time from lOR* 

\^tllfj v7wiwV/l. 1 ix^l^i III 11^ II will IV^IX 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 




Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






1 


ns 


100 pF load 


T32 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenrupt 






100 


ns 






Delay from lOW* to reset intenrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






'rclk 








Delay from lOR* to reset RxRdy 






1 








Delay from lOW* to set TxRdy 






195 


ns 






Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 
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Note 1 : * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3V to VCC+0.3V 

Operating temperature 0**C to +70** C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parann^ter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














V 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.2 




VCC 


V 




Vo. 


Output low level on all outputs 






0.4 


V 


lQL=6mA 


^OH 


Output high level 


2.4 






V 


loH=-6mA 


'cc 


Avg power supply current 




6 




mA 




l|L 


Input leakage 






±10 


mA 






Clock leakage 






±10 
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GENERAL READ TIMING 



A0-A2 



CSx* 



lOR* 




T26 H i^-x T19 



D0-D7 
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MODEM TIMING 




CLOCKTIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 
1^ w 



DATA BITS (5-8) 



STOP BIT 

N W 



DO 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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RXRDY TIMING FOR MODE "0" 



RX INPUT 
(First byte) 



START BIT 
1^ w 



DATA BITS (5-8) 



STOP BIT 
-w w w 



DO 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 




6 DATA BITS 



7 DATA BITS 



iT44 



RXRDY 



N HT45 



lOR* 
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RXRDY TIMING FOR MODE "1" 



START BIT 



RX INPUT 



DATA BITS (5-8) 



STOP BIT 
-w 1^ w 



DO 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 




6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



o!T44 



RXRDY 



iT45 



lOR* 
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TRANSMIT TIMING 



TXOUT 



INTx 



low* 



START BIT 
\< w 



DATA BITS (5-8) 



STOP BIT 

->l N N 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



07 X 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T33 




PARrrYBIT 



w — 

NEXT 
DATA 
START BIT 

I- T34 



T35 



16 BAUD RATE CLOCK 
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TXRDY TIMING FOR MODE "0" 



7X OUTPUT 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



low* 



D0-D7 



TXRDY 
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(0 

TXRDYTIMING FOR MODE "1" 



TK OUTPUT 



low* 



D0-D7 



TXRDY 



START BIT 
1^ w 



)(BYTE#16 



DATA BITS (5-8) 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



FIFO FULL 



T47 
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Printed February 23, 1994 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER WITH FIFO 



DESCRIPTION 



The ST68C554 is a quad universal asynchronous 
receiver and transmitter with FIFO and modem con- 
trol signals. Designed to interface with MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An intemal programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST68C554 is an improved, quad version of the 
NS16550 UART with faster operating access time. 
The on board status registers will provide the enror 
conditions, type and status of the transfer operations 
being perfomned. Complete MODEM control capabil- 
ity, and a processor intenrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 

The ST68C554 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 
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FEATURES 



• Motorola, Rockwell, Hitachi bus compatible 

• QuadST16C550 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*,RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, orno parity bit generation and detection 

• Status report register 

• TTL compatible inputs, outputs 

• 448 kHz transmit/receive operation with 7.372 
MHz extemal clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST68C554CJ68 PLCC 0° C to +70'' C 

ST68C554IJ68 PLCC -40' C to +85' C 
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RTSA*. DTRA* 
RTSB*.DTRB* 
RTSC*.DTRC* 
RTSD*.DTRD* 



TRANSMIT FIFO 

CONTOL 
LOGIC (QUAD) 



CTSA*. DSRA* 

CTSBVDSRB* 

CDA*.RIA* 

CDB\RIB* 

CTSC*.RTSC^ 

CDG*.RIC* 

CTSD*.RTSD* 

CDD*. RID* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Fin Description 


D7-D0 

RXA/B 
RXC/D 


5-66 

7,29 
41,63 


I/O 

1 


Bi-directional data I/O. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 

Serial data input . The serial information received from 
MODEM or RS232 to ST68C554 receive circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TXA/B 
TXC/D 


17,19 
51,53 


o 


Serial data output A. The serial data of channel A is 
transmitted via this pin with additional start , stop and parity 
bits. The TX will be held In marie (high) state during reset, 
local loopback mode or when the transmitter is disabled. 


CS* 


16 


1 


Chip select (active low). A low at this pin will enable the 
UART A-D CPU data transfer operation. 


XTAL1 


35 


1 


Crystal input 1 or extemal clock input. A crystal can be 
connected to this pin and XTAl^ pin to utilize the intemal 
oscillator circuit. An extemal clock can be used to clock 
intemal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


36 


1 


Crystal input 2. See XTAL1 . 


RiW* 


18 


1 


Read/Write strobe. A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. A 
high on this pin will transfer the contents of the ST68C554 
data bus to the CPU. 


CD A/B* 
CD C/D* 


9,27 
43,61 


1 


Canier detect A-D (active low). A low on this pin indicates 
that earner has been detected by the modem. 


GND 
GND 


6,23,31 
40.57 





Signal and power ground. 
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Symbot 


Pin 


Signal Type 


Pin Description 


DSRA/B* 
DSR C/D* 


10,26 
44,60 


1 


Data set ready A-D. (active low) A low on this pin indicates 
that MODEM is ready to exchange data with UART. 


Rl A/B* 
Rl C/D* 


8,28 
42,62 


1 


Ring detect A-D indicator . (active low) A low on this pin 
indicates that modem has received a ringing signal from 
telephone line. 


RTS A/B* 
RTS C/D* 


14,22 
48,56 


O 


Request to send A-D. (active low) To indicate that transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to low state. 
MTier ine resei inis pin win dc bci lo niyn. 


CTS A/B* 
CTS C/D* 


11,25 
45,59 


1 


Clear to send A-D. (active low) The CTS* signal s a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmitter output. 


A4 


50 




Address line 4. To select one of the four UARTS. 


A3 


20 




Address line 3. To select one of the four UARTS. 


A2 


32 




Address line 2. To select internal registers. 


A1 


33 




Address line 1. To select internal registers. 


AO 


34 




Address line 0. To select internal registers. 


IRQ* 


15 


o 


Interrupt output, (active low open collector) This pin goes 
low (when enabled by the interrupt enable register) when- 
ever a receiver enror, receiver data available, transmitter 
empty or modem status condition flag is detected on UART 
A-D. 


DTR A/B* 
DTR C/D* 


12,24 
46,58 


o 


Data terminal ready A-D. (active low) To indicate that 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 








ST68C554 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR bit-0 will setthe DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. 


RESET* 


37 


1 


Master reset, (active low) A low on this pin will reset all the 
outputs and intemal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


VCC 
VCC 


13,30 
47,64 


1 


Power supply input. 


TXRDY 


39 





Transmit ready (active high). This pin goes high when the 
transmit FIFO of the ST68C554 (any one) is full. It can be 
used as a single or multi-transfer DMA. 


RXRDY* 


38 


o 


Receive ready (active low). This pin goes low when the 
receive FIFO of the ST68C554 is full. It can be used as a 
single or multi-transfer DMA. 
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SERIAL PORT SELECTION GUIDE 



lllllll 


A4 


A3 


UARTX 


1 


X 


X 


X 











UART A 








1 


UART B 





1 





UART C 





1 


1 


UART D 
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PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



REGISTER FUNCTIONAL DESCRIPTIONS 

TRANSMIT AND RECEIVE HOLDING REGISTER 
A-D 

The serial transmitter section consists of a Transmit 
Hold Register A-D and Transmit Shift Register A-D. 
The status of the transmit hold register is provided in 
the Line Status Register A-D. Writing to this register 
will transferthe contents of the data bus (D7-D0) to the 
transmit holding register A-D whenever the transmit- 
ter holding register A-D or transmitter shift register A- 
D is empty. The transmit holding register empty A-D 
flag will be set to "1 " when the transmitter is empty or 
data is transfenred to the transmit shift register A-D. 
Note that a write operation should be performed when 
the transmit holding register empty flag is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX A-D is still low at the mid-bit sample of the 
start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low 
going noise spike on the RX A-D input. Receiver status 
codes will be posted in the Line Status Register A-D. 

FIFO INTERRUPT MODE OPERATION 
When the receive FIFO (FCR BIT-0=1) and receive 
intenrupts (lER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 



A) The receive data available intenrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFOtrigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transfenred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 

FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting lER BIT 3-0 to zero puts 
the ST68C554 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately eitherone or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which enror(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 
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D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors in 
the receive FIFO. 



vides the highest intenrupt level to be serviced by the 
CPU. No other intenrupts are acknowledged until the 
particular intenrupt has been serviced. The following 
are the prioritized interrupt levels: 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST68C554 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2^^ -1 . Customize Baud Rates can be achieved by 
selecting proper divisor values for MSB and LSB of 
baud rate generator. 



INTERRUPT ENABLE REGISTER A-D 

The Interrupt Enable Register A-D masks the incom- 
ing intenrupts from receiver ready, transmitter empty, 
line status and modem status registers to the IRQ* 
output pin. 

lER BIT-0: 

0=disable the receiver ready intenrupt 
1 =enable the receiver ready intenrupt 

IERBIT-1: 

0=disable transmitter empty Intenrupt 
1=enable transmitter empty intenrupt 

lER BIT-2: 

0=disable receiver line status interrupt 
1=enable receiver line status interrupt 

IERBIT-3: 

0=disable the modem status register intenrupt 
1 =enable the modem status register intenrupt 

lER BIT 7^: 

All these bits are set to logic zero. 

INTERRUPT STATUS REGISTER A-D 

The ST68C554 provides fourlevel prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Intenrupt Status Register A- 
D provides the source of the intenrupt in prioritized 
manner. During the read cycle, the ST68C554 pro- 



p 


D3 


iili 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Receive Data 












time out) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



♦RECEIVE TIME-OUT: 

This mode is enabled when STARTECH MART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(prog rammed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 
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ISR BIT-0: 

0=an Interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine 

1=no intenrupt pending 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority intenrupt pending. 

ISR BIT 3-5: 

These bits are not used and are set zero. 

ISR BIT 6-7: 

0=Normal mode. 
1=FIF0's are enabled. 



Transnfiit operation in mode "0": 
When ST68C554 Is in ST16C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST68C554 is in ST16C450 mode ( FCR bit-0=0 
) orin the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 



FIFO CONTROL REGISTER (FCR) 

This register Is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 

FCRBIT-1: 
0=No change. 

1=Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 



Transmit operation in mode "1 ": 

When ST68C554 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST68C554 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 



FCRBIT-2: 
0=No change. 

1=Clearsthe contents of the transnriit FIFO and resets 
its counter logic to (the transmit shift register Is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 



FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO Interrupt. 



BIT-7 


iiiiiii 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 
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LINE CONTROL REGISTER A-D 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 

00=5 bits word length 
01=6 bits word length 
10=7 bits word length 
11=8 bits word length 



LCR BIT-2: 

The number of stop bits can be specified by this 
bit. 

0=1 stop bit , when word length=5, 6, 7, 8 bits 
1=1 and 1/2 stop bit , when word length=5 bits 
1=2 stop bits, word length=6, 7, 8 bits 

LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission; 
receiver also checks for received parity 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

O=odd parity is generated by calculating odd number 
of 1 's in the transmitted data; receiver also checks for 
same format. 

1=an even parity bit is generated by calculating the 
number of even 1 's in the transmitted data; receiver 
also checks for same fomriat. 

LCRBIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1* in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 



LCR BIT-6: 

Break control bit. 

1 =forces the transmitter output (TX A-D) to go low to 
alert the communication terminal 
0=normal operating condition 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 

O=normal operation 

1 =select divisor latch register 

MODEM CONTROL REGISTER A-D 

This register controls the interface with the MODEM 

or a peripheral device (RS232). 

MCRBIT-0: 

O=force DTR* output to high 
1 =f orce DTR* output to low 

MCRBIT-1: 

O=force RTS* output to high 
1 =force RTS* output to low 

MCR BIT2-3: 

x=not used 

MCR BIT -4: 

O=normal operating mode 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX A-D) is set high (Mark condi- 
tion), the Receiver inputs (RX A-D , CTS A-D*, DSR 
A-D*, CD A-D*, and Rl A-D*) are disabled. Internally, 
the transmitter output is connected to the receiver 
input and DTR A-D*, RTS A-D* and MCR A-D bit-2,3 
are connected to modem control inputs, in this mode 
, the receiver and transmitter interrupts are fully 
operational. The Modem Control Interrupts are also 
operational, but the interrupt sources are now the 
lower four bits of the Modem Control Register instead 
of the four Modem Control Inputs. The intenrupts are 
still controlled by the lER A-D. 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 
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LINE STATUS REGISTER A-D 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

0=no data in receive holding register 

1=a data has been received and saved in the receive 

holding register 

LSR BIT-1: 

0=no overrun enror (normal) 
1"0venrun enror, next character arrived before re- 
ceive holding register was ennpty 

LSRBIT-2: 

0™no parity error (normal) 

1=parity error, received data does not have correct 
parity information 

LSR BIT-3: 

0=no framing enror (normal) 

1 =framing enror received, received data did not have 

a valid stop bit 

LSR BIT-4: 

0=no break condition (normal) 

1=receiver received a break signal (RX was low for 

one character time frame) 

LSRBIT-5: 

0=transmit holding register is full; ST68C554 will not 
accept any data for transmission 
1=transmit holding register is empty; CPU can load 
the next character 

LSR BIT-6: 

0=transmitter holding and shift registers are full 
1 =transmitter holding and shift registers are empty 

LSRBIT-7: 
0=Normal 

1~At least one parity enror, framing error or break 
Indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER A-D 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSRBIT-0: 

Indicates that the CTS* input to the ST68C554 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST68C554 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST68C554 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST68C554 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR. It is the 
compliment of the CTS* input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR. It is the 
compliment of the DSR* input. 



MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSRBIT^Z: 

This bit is equivalent to MCR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 

SCRATCHPAD REGISTER A-D 

ST68C554 provides a temporary data registerto store 

8 bits of information for variable use. 
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BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



oAUy KA 1 e: 




UVIoUK 




%ERROR 




50 


2304 




75 


1536 




150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





STS8C554 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


lER A-D 


BITS 0-7=0 


ISR A-D 


BIT-0=1.BIT-7=0 


LCRA-O 


BITS 0-7=0 


MCRA-D 


BITS 0-7=0 


LSR A-D 


BITS 0-4=0, BITS 5-6=1. BIT- 




7=0 


MSRA-D 


BITS 0-3=0, BITS 4-7= Input 




signals 



SIGNALS 


RESET STATE 


TXA-D 


High 


RTS A-D* 


High 


DTR A-D* 


High 


RxRdy* 


High 


TxRdy 


Low 


IRQ 


Three state mode 
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ST68C554 ACCESSIBLE REGISTERS 



AO 


Register 


BIT-7 


BlT-6 


BIT-5 


BIT4 


BlT-3 


BlJ-2 


BIT-I 







RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
intenrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 
FIFOs 


0/ 
FIFOs 
enabled 


0/ 

enabled 







priority 


int 
priority 
bit-2 


int 
priority 
bit-1 


int 
status 
bit-0 


int 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


Not 
used 


Not 
used 


RTS* 


DTR* 


10 1 


LSR 


0/ 
FIFO 

en:-or 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit'7 


bit-e 


bits 


bit-4 


bit'3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit'15 


bit'14 


bit-13 


bit'12 


bit-11 


bit'10 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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AC ELECTRICAL CHARACTERISTICS 



1^=25** C, V^^=5.0 V ± 5% unless otherwise specified. 



OyillMVt ; 




IVIIIl 


lyp 


May 


1 inif<& 


wVliUIMvrllS^ 


T 
' 1 


dlopk hinh niil<iP duration 


50 






ns 






Clock low pulse duration 


50 






ns 


Extemal clock 


T 

'3 


Clock rise/fall time 






10 


ns 




T 
'a 


Chip select setup time 


5 






ns 




T 
'9 


ChiD select hold time 









ns 




T,2 


Data setuD time 

^/aLCI wwLUM lllil^ 


15 






ns 




T 
'l3 


Dstii hnid timp frnm writp nr r!5^* 


1 






1 Id 




T 

' 14 


Write ^pt UD timp 


10 






ns 




T 

'15 


\A/ritp <!trnhp width 


50 






ns 




T 

' 16 


Chio select hold time from write 


15 






ns 




T 
' 17 


Write cvcle delav 


45 






ns 




T 

' 18 


Data setup time 


15 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T 
'24 


r^sitsi hnlH tliTiP 

L^CllCl IIUIU llillC 


n 






lio 






Read cycle delay 


25 






ns 




Tr 


Read cycle=T^3+T25 


105 






ns 






Chip select pulse width 


75 






ns 






Delay from Write to output 






50 


ns 


100 pF load 




Delay to set interrupt from MODEM 
input 






35 


ns 


100 pF load 




Delay from stop to set intenrupt 






^Rdk 


ns 


100 pF load 




Delay from Read to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial IRQ* reset to 


8 




24 


* 




transmit start 












T34 


Delay from stop to Interrupt 






100 


ns 




T35 


Delay from Write to reset intenrupt 






75 


ns 




T44 


Delay from stop to set RxRdy 






''rclk 






T45 


Delay from read (CS*) to reset RxRdy 






1 


MS 




T48 


Delay from write to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 





* = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70** C 

Storage temperature -40* C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T=25° C, V^^,=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 




V. 


Input low level 


-0.5 




0.8 


V 






Input high level 


2.2 




VCC 


V 






Output low level 






0.4 


V 


Iql= 6 mA on all 












outputs 




Output high level 


2.4 






V 


loH=-6mA 




Avg. power supply 
cunrent 




6 




mA 




•.L 


input leakage 






±10 


mA 






Clock leakage 






±10 


mA 
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MODEM TIMING 



RTS* 
DTR* 



T28 



CD 

CTS 

DSR 



IRQ* 



T29 



T29 



Rl 



T29 



CLOCK TIMING 




CLOCK PERIOD 



CLOCK PERIOD 
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RECEIVE TIMING 



RX INPUT 



IRQ* 



CS* 



START BIT 

N W 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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RXRDY TIMING FOR MODE "0" 



RX INPUT 
(First byte) 



START BIT 
^ ^ 



DATA BITS (5-8) 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 




07 X 



6 DATA BITS 



7 DATA BITS 



ioiT44 



RXRDY 



N HT45 



CS* 
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RXRDY TIMING FOR MODE "1" 



H 
CD 
00 

o 

01 
01 



RX INPUT 



START BIT 

N W 



DATA BITS (5-8) 



STOP BIT 
w w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 




5 DATA BITS 



PARrrYBIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



k^T44 



RXRDY 



k HT45 



cs* 
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TRANSMIT TIMING 



TXOUT 



IRQ* 



R/W* 




16 BAUD RATE CLOCK 
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TXRDY TIMING FOR MODE "0" 



START BIT 

M N DATA BITS (5-8) STOP BIT 

1^ : M M M 



TX OUTPUT 




6 DATA BITS 



7 DATA BITS 



R/W* 



D0-D7 



TXRDY 
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TXRDY TIMING FOR MODE "1" 



TX OUTPUT 



RAAT 



D0-D7 



TKRDY 



START BIT 
w w 



DATA BITS (5-8) 



X BYTE #16 



STOP BIT 
-W h4 w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 



5 DATA BITS 




6 DATA BITS 



7 DATA BITS 



T46 



FIFO FULL 



T47 
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DUAL ASYNCHRONOUS RECEIVERTTRANSMITTER WITH PARALLEL 
PRINTER PORT 



DESCRIPTION 



The ST16C452 is a dual universal asynchronous 
receiver and transmitter with a bi-directional 
CENTRONICS type parallel printer port. A program- 
mable baud rate generator is provided to select trans- 
mit and receive clock rates from 50Hz to 448kHz. 
STARTECH ST16C452PS provides additional fea- 
tures to control the printer port direction without any 
additional extemal logic. 

The ST16C452 is an improved version of the 
VL16C452 UART with higher operating speed and 
lower access time. The ST16C452 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed, 
included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C452 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C452 Is fabricated in an advanced 1.2|x 
CMOS process to achieve low drain power and high 
speed requirements. 
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FEATURES 



• Pin to pin and functional compatible to VL16C452, 
WD16C452 

• Fully compatible with all new bi-directional PS/2 
printer port registers. 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
RI*,CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, orno parity bit generation and detection 

• Independent transmit and receive control 

• Software compatible with INS8250, NS16C450 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source. 

• Bi-directional hardware/software parallel port 

• Bi-directional I/O ports 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C452CJ68 PLCC 0° C to + 70° C 

ST16C452IJ68 PLCC -40° C to + 85° C 
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Pin DesitriDfiort 


D0-D7 


14-21 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer infomnation to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


A0-A2 


35-33 


1 


Address select lines. To select intemal registers. 


CLK 


4 


1 


Clock input. An external clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 


1 


1 


Printer direction select. A high puts the parallel port in the 
input mode for ST1 6C452AT and software controlled mode 
(input/output) to ST1 6C452PS. Allow sets the ST1 6C452 to 
output mode. 


low* 


36 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR* 


37 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST1 6C452 data bus to the CPU. 


RDOUT 


44 


o 


Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C452 to en/disable the 
extemal transceiver or logic's. 


RESET* 


39 


1 


Master reset, (active low) A low on this pin will reset all the 
outputs and intemal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CS A/B* 


32,3 


1 


Chip select A/B (active low). A low at this pin enables the 
serial port-A/B / CPU data transfer operation. 


DSR A/B* 


31,5 


1 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


Rl A/B* 


30.6 


1 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
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Pin 


Signal Type 


Pin Description 








telephone line. 


CD A/B* 


29.8 


1 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


TXA/B 


26,10 


O 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start . stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


DTR A/B* 


25,11 


O 


Data terminal ready A/B (active low). To indicate that 
ST16C452 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
WritingaT attheMCRbit-OwillsettheDTR*outputtolow. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RTSA/B* 


24.12 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a T in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset thispin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RXA/B 


41,62 




Serial data input A/B. The serial information (data) received 
from serial port to ST16C452 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from exlemal 
connection and connected to the TX output intemally. 


CTSA/B* 


28,13 




Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT A/B 


45,60 





Interrupt output A/B (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver enror, receiver data available, transmitter 
empty, or modem status condition flag is detected. 
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Symbol 


Pin 


Signal Type 


Pin Description 


CSP* 
PD7-PD0 


38 
46-53 


1 

I/O 


Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 
Bi-dirprtioriril narallsl norts ^three ^ate^ To transfer data in 
or out of the ST16C452 parallel port. PD7-PD0 are latched 
during output mode. 


STROBE* 


55* 


I/O 


Cie^nf^r'Pil niimn^p I/O nr data Qtrnhp niitniit ^nnpn drain 

active low). This output indicates to the printer that valid 
data is available at the printer port (PD0-PD7). 


AUTOFDXT* 


56* 


I/O 


General Duroose I/O or automatic line feed (ooen drain 
active low). When this signal is low the printer should 
automatically line feed after each line is printed. 


INIT 


57* 


I/O 


General purpose I/O or initialize line printer (open drain 
active low). When this signal is low it causes the printer to 
be initializes. 


SLCTIN* 


58* 


I/O 


General purpose I/O orline printerselect (open drain active 
low). When this signal is low it selects the printer. 


ERROR* 


63* 


1 


General purpose input or line printer enror (active low) This 
is an output from the printer to indicate an error by holding 
it low during enror condition. 


SLOT 


65* 


1 


General purpose input orline printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


66* 


1 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 


PE 


67* 


1 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper 


ACK* 


68* 




General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 



3 
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Signal Type 


Pin Description 


INTP* 


59 


O 


Printer Interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin, When 
ACK* is low INTP is low and when ACK* is high INTP is high 


INTSEL* 


43 


1 


Interrupt select mode. The external ACK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Connecting this pin to VCC will set the interrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND 


2,7,22 
42,54,61 


O 


Signal and power ground. All ground pins are connected 
intemally. 


VCC 


23,40.64 


1 


Power supply input. All power pins are connected intemally. 



* Have internal pull-up resistor on inputs 



PROGRAMMING TABLE FOR SERIAL PORTS MB 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Intenrupt Enable Register 





1 





Intenrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 












LSB of Divisor Latch 












MSB of Divisor Latch 
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A2A1A0 


Register 




BIT*6 




BIT-4 


BIT*^3 


BlT-2 


BIT-1 


BtT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


n n n 

u u u 


THR 


hit-7 


hit.R 






Ull-O 




hit.1 

Ull- 1 


hit.n 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


U 1 U 


IQD 

loK 


U 


U 


U 


U 


U 


IN 1 

priority 
bit-1 


IN 1 

priority 
bit-0 


IMX 

IN 1 

Status 


11 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
enror 


parity 
error 


ovenrun 
enror 


receive 
data 
ready 


11 


MSR 


CD 




DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit'6 


bit'5 


bit'4 


bit'3 


bit'2 


b'rt-l 


btt'O 


1 


DLM 


bit'15 


bit-14 


bit-13 


bit'12 


bit'11 


bit'10 


bit-9 


bits 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1 " when the transmitter is 
empty or data is transfenred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiverstatuscodeswill 
be posted in the Line Status Register. 

PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C452 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2^^ -1. The output frequency of the Baudout* is 
equal to 1 6X of transmission baud rate (Baudout*= 1 6 
X Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 

INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 



lER BIT-0: 

0=disable the receiver ready intenrupL 
1=enable the receiver ready intenrupL 

IERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IERBIT-2: 

0=disable the receiver line status intenrupt. 
1 =enable the receiver line status intenrupt. 

lER BIT-3: 

0=disable the modem status register intenrupt. 
1=enable the modem status register intenrupt. 

IERBIT7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C452 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the intenrupt in priori- 
tized matter. During the read cycle the ST16C452 
provides the highest intenrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular intenrupt is serviced. The following are the 
prioritized intenupt levels: 

Priority level 



p 


ill 


D1 


DO 


Source of the interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 
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ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-2: 

Logical connbination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set to "0". 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication fomriat. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted orreceived. 



BlT-1 




Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 



BlT-1 


Word length 


Stop foit(&) 





5.6,7.8 


1 


1 


5 


1-1/2 


1 


6.7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same fonnat. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4==0, parity bit is forced to 
"1 " in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 . parity bit is forced to 
"0" in the transmitted and received data; 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The intemal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1 =force DTR* output to low. 
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MCRBIT-1: 

O=force RTS* output to high. 
1 =force RTS* output to low. 

MCRBIT-2: 

This bit is used for internal loop-back mode, and is not 
used for regular operation. 

MCRBIT-3: 

0= sets the INT output pin to three state mode. 
1= enables the INT output pin. 

MCRBIT-4: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Intemally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MGR 
bit-2,3are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the intenrupts sources are 
now the lowerfour bitsof the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 



MGR BIT 5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-O: 

O=nodata in receive holding register 

1=data has been received and saved in the receive 

holding register. 

LSRBIT-1: 

0=no ovenrun enror (normal). 

1 =overrun enror, next characteranived before receive 

holding register was emptied. 



LSRBIT-2: 

0=no parity enror (normal). 

1=parity enror, received data does not have conrect 

parity information. 

LSR BIT-3: 

0=no framing enror (nomnal). 

1 =framing enror received, received data did not have 

a valid stop bit. In 

LSRBIT-4: 

0=no break condition (normal). 

1 =recelver received a break signal (RX was low for 

one character time frame). 

LSRBIT-5: 

0=transmit holding register is full. ST16G452 will not 
accept any data for transmission. 
1=transmit holding register is empty. GPU can load 
the next character. 

LSRBIT-6: 

0=transmitter holding and shift registers are full. 
1=transmitter holding and shift registers are empty. 

LSRBIT-7: 

Not used. Set to "0". 



MODEM STATUS REGISTER (MSR) 

This register provides the cunrent state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the GPU reads this register. 

MSRBIT-0: 

Indicates that the GTS* input to the ST16G452 has 
changed state since the last time it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C452 has 
changed state since the last time it was read. 
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MSR BIT-2: 

Indicates that the Rl* input to the ST16C452 has 
changed from a low to a high state. 

MSRBIT-3: 

Indicates that the CD* input to the ST16C452 has 
changed state since the last time it was read. 

MSRBIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSRBIT-5: 

This bit is equivalent to DTR in the MCR during lopal 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rr input. 

MSRBIT.7: 

This bit is equivalent to MCR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic T, a 
MODEM Status Intenrupt is generated. 



SCRATCHPAD REGISTER (SR) 

ST1 6C452 provides a temporary data register to store 
8 bits of infonnation for variable use. 



SIGNAL 


RESET STATE 


TX 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state mode 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1 .8432 MHz CLOCK): 



BAUD RATE 


1$X CLOCK 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C452 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


lER 


BITS 0-7=0 


ISR 


BIT-0=1,ISR BITS 1-7=0 


LCR 


BITS 0-7=0 


MCR 


BITS 0-7=0 


LSR 


BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


BITS 0-3=0, 




MSR BITS 4-7=input signals 
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CO 



A1 


AO 


low* 


ICR* 








PORT REGISTER 


PORT REGISTER 





1 


I/O SELECT REGISTER 


STATUS REGISTER * 


1 





CONTROL REGISTER 


COMMAND REGISTER 



* Reading the status register will reset the INTP output. 



PARALLEL PORT DIRECTION SELECT REGISTER (WRITE ONLY) 



STieC452XX 


CONTROL REGISTER (DS) 


BIDEN 


I/O SELECT REGISTER 


PORT DIRECTION 


ST16C452AT 


X 





X 


Output mode 


ST16C452PS 


X 





AAHex 


Input mode 


ST16C452PS 


X 





55 Hex 


Output mode 


ST16C452AT 


X 


1 


; X .„■■■:■ 


Input mode 


ST16C452PS 





1 


X 


Output mode 


ST16C452PS 


1 


1 


X 


Input mode 
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PRINTER PORTREGISTER DESCRIPTIONS 
PORT REGISTER 

Bi-directional printer port. 

Writing to this register during output mode will transfer 
the contents of the data bus to the PD7-PD0 ports. 
Reading this register during input mode will transfer 
the states of the PD7-PD0 to the data bus. This 
register will be set to the output mode after reset. 

PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the interrupt condition. 



SR BIT 1-0: 

Not used. Are set to "1" 



permanently. 



SR BIT-2: 

Interrupt condition. 

0= an interrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no intenrupt is pending 

Reading the STATUS REGISTER will set this bit to 
T. 

SR BIT-3: 

ERROR* input state. 

0= ERROR* input is in low state 

1= ERROR* input is in high state 

SRBIT^: 

SLOT input state. 

0= SLCT input is in low state 

1= SLCT input is in high state 

SR BIT-5: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 

SR BIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 



SR BIT-7: 

BUSY input state. 

0= BUSY input is in high state 

1= BUSY input is in low state 



COMMAND REGISTER 



The state of the STROBE*, AUTOFDXT*, INIT, 
SLCTIN* pins, and intenrupt enable bit can be read by 
this register regardless of the I/O direction. 

COMBIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1 = STROBE* pin is in low state 

COM BIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1 = SLCTIN* pin is in low state 

COM BIT-4: 

Intenrupt mask. 

0= Interrupt (INTP output) is disabled 
1= Intenupt (INTP output) is enabled 

COM BIT 7-5: 

Not used. Are set to "r permanently. 
CONTROL REGISTER. 

Writing to this register will set the state of the 
STROBE*. AUTOFDXT*. INIT, SLCTIN pins, and 
intenrupt mask register. 
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CONBIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1 = STROBE* output is set to low state 

CONBIT-1: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1 = AUTOFDXT* output is set to low state 

CONBIT-2: 

INIT output control bit. 

0= INIT output Is set to low state 

1 = INIT output is set to high state 

CONBIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1= SLCTIN* output is set to low state 

CONBIT-4: 

Intenrupt output control bit. 
0= INTP output is disabled 
1= INTP output is enabled 

CONBIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit. 

0= PD7-PD0 are set for output mode 

1 = PD7-PD0 are set for input mode 

CON BIT 7-6: 

Not used. 



ST16C452 EXTERNAL RESET CONDmON 



SIGNALS 


IlllillllliH^^^^ 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


High, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 



I/O SELECT REGISTER 

Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
"zero or one" 

Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 1/ 
O select register and control register bit-5 are only 
available for ST16C452PS parts. 
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ST16C452AT 
ST16C452PS 3 



PORT REGISTER (READ/WRITE) 



07 


D€ 


06 




03 


02 


01 


00 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 


STATUS REGISTER 


(READ ONLY) 










07 


06 


06 


04 


lllllllllliiiii 


02 


01 


00 


BUSY* 


ACK 


PE 


SLCT 


ERROR 
STATE 


IRQ 


1 


1 












1= No intenrupt 

0= Intenojpt (PS only) 




COMMAND REGISTER 


(READ ONLY) 












06 


05 


04 


03 


02 


01 


DO 


1 


1 


1 


IRQ 

ENABLE 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 








0= IRQ 

disabled 
1= IRQ 

enabled 










CONTROL REGISTER 


(WRITE ONLY) 










07 


06 


06 


04 






01 


oo 






I/O 

SELECT 


IRQ 
MASK 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 




0=Output (PS only) 

1=lnput (PS only) 
X= AT only 


0=INTP output 
disabled 
1=INTP output 
enabled 





■I 
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^ AC ELECTRICAL CHARACTERISTICS 

T^=25° C, \/cc=S.O V ± 5% unless otherwise specified. 









1 imite 




1 Initc 








tVtill 


Typ 
















T 
' 1 


Clack, hinh niil«5P diiratinn 


50 






ns 




T 

'2 


r^toplf ln\A# rtiilcp Hiirsitinn 

wlUOIV lUW [JUIoC UUIdllUII 








1 Id 


C-AICI 1 Idl V/IUOIV 


T 

•3 


Clonk ri*?P'/fall timp 






10 


ns 






Chio select setuo time 


5 






ns 




T 


Chio select tiold time 









ns 




T 
'11 


lOR* to DDIS* delav 






25 


ns 


100 nF Inad 


T 

'12 


Data set uo time 


15 






ns 




T 

'13 


IO\A/* dpiav frnm rhin ^pjprt 

iwvv viwiay iiv^iii V/iii|j Odcoi 


10 






ns 




T,4 


IO\A/* rlpisix/ frnm phin QPlpr»t 
iwvv ucjiciy iiuiii 01 11^ dcicoi 


10 






ns 






low* Strobe width 


50 






ns 




T,e 


Chip select hold time from lOW* 









ns 




T,r 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T« 


Data hold time 


15 






ns 




T„ 


lOR* delay from chip select 


10 






ns 






lOR* strobe width 


65 






ns 




T« 


Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T« 


Delay from lOR* to data 






35 


ns 


100 pF load 


T» 


Delay from lOW* to output 






50 


ns 


100 pF load 




Delay to set interrupt from MODEM 






70 


ns 


100 pF load 


input 














Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T3, 


Delay from stop to set interrupt 






^CLK 


ns 


100 pF load 




Delay from lOR* to reset intenrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 
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AC ELECTRICAL CHARACTERISTICS 

T^=25° C, V =5.0 V ± 5% unless otherwise specified. 



Min 


Limits 
Typ 


Max 






too 






175 


75 






10 






25 






5 






5 






1 







Unjts 


CondMions 


ns 




ns 




ns 




ns 




ns 




ns 




ns 





Symbol 



Parameter 



Delay from stop to intenrupt 

Delay from lOW* to reset interrupt 

ACK* pulse width 

PD7-PD0 setup time 

PD7-PD0 hold time 

Delay from ACK* low to Interrupt low 

Delay from lOR* to reset interrupt 

Baud rate devisor 



Note 1 * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^=5.0 V ± 5% unless otherwise specified. 



Symooi 


paraineter 




- 

Limits 




Units 


Conctitions 








Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 




V,L 


Input low level 


-U.O 




U.O 


V 






Input high level 


2.2 




VCC 


V 




Vol 


Output low level 






0.4 


V 


loL= 6.0 mA D7-D0 












loL= 20.0 mA PD7- 
PDO 

lQL=10mA 
SLCTIN*, 
INIT*.STROBE*. 
AUTOFDXT* 
Iql= 6.0 mA on all 
other outputs 




Output high level 


2.4 






V 


lo„= -6.0 mA D7- 
DO 

Iq„= -12.0 mA 
PD7-PD0 

-0.2 mA 
SLCTIN*. 
INIT*.STROBE*, 
AUTOFDXT* 
Iq^= -6.0 mA on all 
the outputs 


'cc 


Avg. power supply current 




12 




mA 




'.L 


Input leakage 






±10 






'CL 


Clock leakage 






±10 


mA 




RiN 


Intemal pull-up resistance 


4 




15 


kn 


* Marked pins 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 

M W 



DATA BITS (5-8) 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




PARITYBIT 



NEXT 
DATA 
START BIT 

4- T31 



T32 



16 BAUD RATE CLOCK 
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TRANSMIT TIMING 



DC OUT 



INTx 



low* 



START BIT 

N N 



DO 



T33 



DATA BITS (5-8) 



STOP BIT 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




PARrrYBIT 



NEXT 
DATA 
START BIT 

T34 



T35 -N h4- 



16 BAUD RATE CLOCK 
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PARALLEL PORT GENERAL WRITE TIMING 



A0-A2 



CSP* 



low* 



D0-D7 




PD0-PD7 




SLCTIN* 
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PARALLEL PORT READ TIMING 

T39 



ACK* 



INTP* 



lOR* 



INTSEL 



PD0-PD7 



T40 



T40 



NORMAL MODE 



VALID DATA 



T42 



T43 



INTERRUPT LATCHED MODE SELECT 



-T41 
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STARTECH 




ST16C552 

Printed February 23, 1994 



UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFO 
AND PARALLEL PRINTER PORT 



DESCRIPTION 



The ST16C552 is a dual universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO and a bi-directional CENTRONICS type 
parallel printer port. A programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST1 6C552 on board status registers provides the 
enror conditions, type and status of the transfer 
operation being performed. Included is complete 
MODEM control capability, and a processor interrupt 
system that may be software tailored to the user's 
requirements. The ST16C552 provides internal loop- 
back capability for on board diagnostic testing. 
The ST16C552 is fabricated in an advanced 1.2|x 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



• Pin to pin and functional compatible to VL1 6C552, 
WD16C552 

• 1 6 byte transmit FIFO 

• 16 byte receive FIFO with enror flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source. 

• Bi-directional hardware/software parallel port 

• Bi-directional I/O ports 



PLCC Package 



§ i I h § § 1 ^ It! n y I i 




ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C552CJ68 PLCC 0** C to + 70** C 

ST16C552IJ68 PLCC -40** C to + 85° C 



ST16C552 



in 
in 
O 

CO 

CO 



BLOCK DIAGRAM 



D0-D7 



CSA^ 



A0-A2 
, CSB*. CSP* 
lOR*. low* 
RESET* 



O - 

u 



■ O 



INTA 
INTB 
INTP* 



a: 

CO 

o o 

































DATA 
BUS 




MODEM CONROL 






LOGIC 



Q LU 
CD o 



CLOCK 
CIRCUIT 



PRINTER I/O 
CONTROL 
LOGIC 



O 



LU 

Q. O 
3 LU 

m. i_- 

< LU 



O 

CO oy 



TXA.TXB 



LU ^ Q 

Sgy 

LLI ^ O 
Ct -J 



RXA, TXB 



PARALLEL 
DATA PORT 



Q 
CL 

6 

Q 
0. 
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Signal Type 


Pin Description 


D0-D7 


14-21 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or fronn the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


A0-A2 


35-33 


1 


Address select lines. To select internal registers. 


CLK 


4 


1 


Clock input. An extemal clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 


1 


1 


Printer direction select. A high puts the parallel port in the 
input / output mode and low sets the ST16C552 to output 
mode. 


low* 


36 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR* 


37 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C552 data bus to the CPU. 


RDOUT 


44 





Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C552 to en/disable the 
extemal transceiver or logic's. 


RESET* 


39 


1 


Master reset, (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CSA/B* 


32,3 


1 


Chip select A/B (active low). A low at this pin enables the 
serial port-A/B / CPU data transfer operation. 


DSRA/B* 


31,5 


1 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


RIA/B* 


30,6 


1 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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Symbol 


Pin 


Signal Type 


Pin Description 


CDA/B* 


29,8 


1 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


TXA/B 


26,10 


o 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


DTRA/B* 


25,11 


o 


Data terminal ready A/B (active low). To indicate that 
ST16C552 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writinga"r at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RTSA/B* 


24,12 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RXA/B 


41,62 




Serial data input A/B. The serial information (data) received 
from serial port to ST16C552 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


CTS A/B* 


28,13 


■ V 1 , ■ 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT A/B 


45,60 


o 


Interrupt output A/B (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. 


TXRDYA/B 


22.42 


o 


Transmit ready A/B (active high). This pin goes high when 
the transmit FIFO of the ST16C552 isfull. It can be used as 
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Sisnai Type 


Pin Pi^^criptioi) 








a single or multi-transfer. 


RXRDYA/B* 


9,61 


o 


Receive ready A/B (active low). This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


CSP* 


38 


1 


Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 


PD7-PD0 


46-53 


I/O 


Bi-directional parallel ports (three state). To transfer data in 
or out of the ST16C552 parallel port. PD7-PD0 are latched 
during output mode. 


STROBE* 


55* 


I/O 


General purpose I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (PD0-PD7). 


AUTOFDXT* 


56* 


I/O 


General purpose I/O or automatic line feed (open drain 
active low). When this signal is low the printer should 
automatically line feed after each line is printed. 


INIT 


57* 


I/O 


General purpose I/O or initialize line printer (open drain 
active low). When this signal is low, it causes the printer to 
be initialized. 


SLCTIN* 


58* 


I/O 


General purpose I/O or line printer select (open drain active 
low). When this signal is low, it selects the printer. 


ERROR* 


63* 


1 


General purpose input or line printer error (active low). This 
is an output from the printer to indicate an enror by holding 
it low during error condition. 


SLOT 


65* 


1 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


66* 


1 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 
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Signal Type 


Pin Description 


PE 


67* 


1 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


AGK* 


68* 


1 


General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 


INTP* 


59 


O 


Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin. When 
AGK* is low INTP is low and when AGK* is high INTP is high 


INTSEL* 


43 


1 


Interrupt select mode. The extemal AGK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Gohnecling this pin to VGG will set the interrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND 


2,7,54 
27 


O 


Signal and power ground. 


VCC 


23,40,64 


1 


Power supply input. 



* Have internal pull-up resistor on inputs 
PROGRAMMING TABLE FOR SERIAL PORTS 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Gontrol Register 





1 


1 




Line Gontrol Register 


1 










Modem Gontrol Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C552 ACCESSIBLE REGISTERS 



A9 AD 

#ve; Ml #w 






t»t 1 **v 


Dl 1 '-O 


Dl 1*^ 


Dl 1 : 


HIT 9 

Dl 


niT 4 
dM'1 


D|T_A 
Dl f Hl# 





RHR 


bit-? 


bit-e 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 




hit-it 






hit-1 


hit-O 


1 


lER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holdinn 
register 


receive 
holdinn 
register 






trigger 
(MSB) 


r\V.*Vr\ 

trigger 
(LSB) 


u 


u 


mode 
select 


YMIT 
AlVll 1 

FIFO 
reset 


KwVK 

FIFO 
reset 


enable 


1 


ISR 


0/ 

enabled 


0/ 

enabled 








int 
pnoniy 
bit-2 


int 
pnoniy 
bit-1 


int 
pnoniy 
bit-0 


int 
siaius 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
blt-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
enror 


parity 
enror 


overrun 
error 


receive 
data 
ready 


1 10 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


111 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit'7 


bit-6 


bits 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-is 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bits 



DLL and DLU are accessible only when LCR bit-? is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 

TRANSMIT AND RECEIVE HOLDING REGISTER FIFO POLLED MODE OPERATION 



The serial transmitter section consists of a Transnnit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register Is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data Is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
Is set. 

On the falling edge of the start bit, the receiver Internal 
counter will start to count 7 1/2 clocks (16x clock) 
which Is the center of the start bit. The start bit Is valid 
If the RX Is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiverstatus codes will 
be posted In the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 



When FCR BIT-0=1 ; resetting lER BIT 3-0 to zero puts 
the ST16C552 In the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be In the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there Is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which enror(s) has oc- 
curred. 

C) LSR BIT-5 will Indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will Indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
In the receive FIFO. 

The ST16C552 requires to have two step FIFO enable 
operation In order to enable receive trigger levels. 



When the receive FIFO (FOR BIT-0=1) and receive 
Interrupts (lER BIT-0=1) are enabled, receiver Inter- 
rupt will occur as follows: 

A) The receive data available Interrupts will be Issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below Its programmed trigger level. 

B) The ISR receive data available Indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt It is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It Is reset when the FIFO Is empty. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C552 contains a programmable Baud Rate 
Generator that Is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2^^ -1. The output frequency of the Baudout* Is 
equal to 16X of transmission baud rate (Baudout*=16 
X Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The I nterrupt Enable Register (lER) masks the Incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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lER BIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IERBIT-1: 

0=disable the transnnitter empty interrupt. 
1=enable the transmitter empty interrupt. 

lER BIT.2: 

0=disable the receiver line status interrupt. 
1 =enable the receiver line status interrupt. 

lER BIT-3: 

0=disable the modem status register intenrupt. 
1=enable the modem status register intenrupt. 

lER BIT 7^: 

All these bits are set to logic zero. 

INTERRUPT STATUS REGISTER (ISR) 

The ST16C552 provides four level prioritized inter- 
rupt conditions to minimize software overiiead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the intenrupt in priori- 
tized matter. During the read cycle the ST16C552 
provides the highest intenrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized Intenrupt levels: 



Priority level 



llll 


D3 


D2 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 
tus Register) 


2 





1 








RXRDY (Received Data 
Ready) 


2* 


1 


1 








RXRDY (Receive Data 
time out) 


3 








1 





TXRDY( Transmitter 
Holding Register Empty) 


4 














MSR (Modem Status 
Register) 



•RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each slop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 1 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an intenrupt is pending and the ISR contents may be 
used as a pointer to the appropriate intenrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C552 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCRBIT-I: 

0=No change. 

1 =Clearsthe contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-2: 

0=No change. 

1 =Clearsthe contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "r. 

Transnnit operation in mode "0": 
When ST16C552 is in ST16C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 . FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C552 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 . FCR bit-3=0 ) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C552 is in ST16C550 mode ( FCR bit- 
0=1 . FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 

Receive operation in mode "1": 



When ST16C552 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 
Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 
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BjT-2 


Word length 


Stopl)lt(s) 





5,6,7.8 


1 


1 


5 


1-1/2 


1 


6,7.8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCRBIT-4: 

If the parity bit Is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity isgenerated by forcing an odd number 
of 1 's In the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit Is generated by forcing an even the 
number of 1 's in the transmitted data, receiver also 
checks for same format. 

LCRBIT-5: 

If the parity bit Is enabled, LCR BIT-5 selects the 
forced parity fonnat. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1 " in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit Is forced to 
"0" in the transmitted and received data. 

LCRBiT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX Is forced to low state). 
O=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The Internal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the Interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCRBIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCR BIT-2: 

Not used. 

MCR BIT-3: 

0=set INT output pin to three state mode. 

1=set INT output pin to normal / active operating 

mode. 

MCR BIT-4: 

O=nonnal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) Is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl*are 
disabled. Intemally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*. MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter Interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the intenrupts sources are 
now the lower four bits of the Modem Control Register 
Instead of the four Modem Control Inputs. The inter- 
rupts are still controlled by the lER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 
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LSRBIT-0: 

0=no data In receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSRBIT-1: 

0=no ovenrun error {normal). 
1 =overrun enror, next character anrived before receive 
holding register was emptied or If FIFOs are enabled, 
an ovenrun enror will occur only after the FIFO Is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register Is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (nomfial). 
1=parity enror, received data does not have conrect 
parity information. In the FIFO mode this enror is 
associated with the character at the top of the FIFO. 

LSRBIT-3: 

0=no framing enror (normal). 
1=framlng error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSRBIT-4: 

0=no break condition (normal). 
1=recelver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character Is loaded into the FIFO. 

LSRBIT-5: 

0=transmit holding register Is full. ST16C552 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 =transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one wheneverthe transmit- 
ter FIFO and transmit shift register are empty. 



LSRBIT.7: 

0=Normal. 

1=At least one parity enror, framing enror or break 
Indication in the FIFO. This bit Is cleared when LSR Is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSRBIT-0: 

Indicates that the CTS* Input to the ST16C552 has 
changed state since the last time It was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C552 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C552 has 
changed from a low to a high state. 

MSRBIT-3: 

Indicates that the CD* Input to the ST16C552 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR In the MCR during local 
loop-back mode. It Is the compliment of the DSR* 
Input. 

MSR BIT-6: 

This bit Is equivalent to MCR blt-2 during local loop- 
back mode. It is the compliment of the Rl* input. 
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MSR BIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST1 6C552 provides a temporary data registerto store 
8 bits of information for variable use. 



ST16C552 EXTERNAL RESET CONDITION 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



REGISTERS 


RESET STATE 


lER 


BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR. BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 



BAUD RATE 


1$x CLOCK 










50 


2304 




110 


1047 


0.026 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





SIGNALS 


RESET STATE 


TX 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state mode 


RXRDY* 


High 


TXRDY 


Low 



PRINTER PORT PROGRAMMING TABLE: 



A1 


iiiiiiiii 




;|;||||||;|||| 








PORT REGISTER 


PORT REGISTER 





1 


I/O SELECT REGISTER 


STATUS REGISTER * 


1 





CONTROL REGISTER 


COMMAND REGISTER 



Reading the status register will reset the INTP output. 
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PRINTER PORT REGISTER DESCRIPTIONS 
PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the interrupt condition. 

SR BIT 1-0: 

Not used. Are set to "1 " permanently. 

SRBIT-2: 

Intenrupt condition. 

0= an intenrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no intenrupt is pending 

Reading the STATUS REGISTER will set this bit to 
SR BIT-3: 

ERROR* input state. 

0= ERROR* input is in low state 

1= ERROR* input is in high state 

SRBIT-4: 

SLCT input state. 

0= SLCT input is in low state 

1= SLCT input is in high state 

SR BIT-5: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 

SRBIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 

SRBIT-7: 

BUSY input state. 

0= BUSY input is in high state 

1= BUSY input Is in low state 



COMMAND REGISTER 

The State of the STROBE*. AUTOFDXT*, INIT. 
SLCTIN* pins, and interrupt enable bit can be read by 
this register regardless of the I/O direction. 

COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1 = STROBE* pin is in low state 

COMBIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1= SLCTIN* pin is in low state 

COMBIT-4: 

Interrupt mask. 

0= Interrupt (INTP output) is disabled 
1= Interrupt (INTP output) is enabled 

COM BIT 7-5: 

Not used. Are set to "1" permanently. 
CONTROL REGISTER. 

Writing to this register will set the state of the 
STROBE*, AUTOFDXT*. INIT, SLCTIN pins, and 
intenrupt mask register. 

CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1 = STROBE* output is set to low state 
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CON BIT-I: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1 = AUTOFDXT* output is set to low state 

CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1 = INIT output is set to high state 

CON BIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1= SLCTIN* output is set to low state 

CONBIT-4: 

Intenrupt output control bit. 
0= INTP output is disabled 
1 = INTP output is enabled 

CONBIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit. 

0= PD7-PD0 are set for output mode 

1 = PD7-PD0 are set for input mode 



CON BIT 7-6: 
Not used. 

I/O SELECT REGISTER 

Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
"zero or one" 

Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 



ST16C552 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


High, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 



CONTROL REGISTER (D5) 


BIDEN 


1/0 SELECT REGISTER 


PORT DIRECTION 


X 





AAHex 


Input mode 


X 





55 Hex 


Output mode 





1 


X 


Output mode 


1 


1 


X 


Input mode 
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ST16C552 PRINTER PORT REGISTER CONFIGURATIONS 
PORT REGISTER (READAA/RITE) 



D7 


D6 


D$ 


D4 


Da 


02 


D1 


DO 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 



STATUS REGISTER (READ ONLY) 



Dr 


D6 


DS 


D4 


D3 


02 


D1 


DO 


BUSY* 


ACK 


PE 


SLOT 


ERROR 
STATE 


IRQ 


1 


1 












1= No intenrupt 
0= Intenrupt 




COMMAND REGISTER 


(READ ONLY) 










D7 


D6 


D5 


D4 


Da 


D2 


lllllllll 


DO 


1 


1 


1 


IRQ 

ENABLE 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 




0= IRQ 

disabled 
1= IRQ 

enabled 





CONTROL REGISTER (WRITE ONLY) 



D7 




D5 




D3 


D2 


D1 


DO 






I/O 

SELECT 


IRQ 
MASK 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 




0=Output 
1=lnput 


0=INTP output 

disabled 
1=INTP output 
enabled 
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AC ELECTRICAL CHARACTERISTICS 



T^=25** C, Vjjj,=5.0 V ± 5% unless otherwise specified. 



SvrYiboi 






Liftiits 












Min 


TVD 


Max 










'Mr 








Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


External clock 




Clock rise/fall tinne 






10 


ns 




T, 


Chip select setup time 


5 






ns 






Chip select hold time 









ns 




T„ 


Data setup time 


15 






ns 






Data hold time 


15 






ns 






low* delay from chip select 


10 






ns 




T« 


low* strobe width 


50 






ns 




T,e 


Chip select hold time from lOW* 









ns 




T„ 


Write cycle delay 


55 






ns 




T„ 


Data hold time 


15 






ns 




T,, 


lOR* delay from chip select 


10 






ns 




T« 


lOR* strobe width 


65 






ns 




T„ 


Chip select hold time from lOR* 









ns 




T« 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T» 


Delay from lOR* to data 






35 


ns 


100 pF load 


"^28 


Delay from lOW* to output 






50 


ns 


100 pF load 


T 

' 29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T 

'30 


Lyv7ICIjf 11^ 1 COCl II lid 1 U|i^l II Villi iwrx 






70 


ns 


100 nF load 


T3, 


Delay from stop to set interrupt 






1 


ns 


100 pF load 


T32 


Delay from lOR* to reset intenrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T3, 


Delay from stop to intenrupt 






100 


ns 




T3, 


Delay from lOW* to reset intenrupt 






175 


ns 




T3, 


ACK* pulse width 


75 






ns 




T« 


PD7 - PDO setup time 


10 






ns 




T„ 


PD7 - PDO hold time 


25 






ns 




T« 


Delay from ACK* low to intenrupt low 


5 






ns 




T« 


Delay from lOR* to reset intenrupt 


5 






ns 




T« 


Delay from stop to set RxRdy 






^RCLK 






T« 


Delay from lOR* to reset RxRdy 






1 


lis 




T« 


Delay from lOW* to set TxRdy 






195 


ns 




T„ 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1 * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0** C to +70** e 
-40" C to +150** C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



1^=25° C, V^=5.0 V ± 5% unless otherwise specified. 





Parameter 


Min 


Limits 




Units 


Conciltions 


V 

* ILCK 


Clock in HI it low l(^\/pl 






U.D 


v 




V 

* IHCK 


Clock inout hioh level 








V 




v.. 


Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level 






0.4 


V 


loL= 6.0 mA D7-D0 














loL= 20.0 mA PD7- 














PDO 














loL=10mA 














SLCTIN*. 














INIT*,STROBE*. 














AUTOFDXT* 














loL= 6.0 mA on all 














other outputs 


VoH 


Output high level 


2.4 






V 


\^^ = -6.0 mA D7- 














DO 














lo„= -12.0 mA 














PD7-PD0 














lo„= -0.2 mA 














SLCTIN*, 














INIT*,STROBE*, 














AUTOFDXT* 














loH= -6.0 mA on all 














other outputs 


'cc 


Avg power supply cunrent 




12 




mA 






Input leakage 






±10 


mA 




'a 


Clock leakage 






±10 


mA 




RiN 


Internal pull-up resistance 


4 




15 


kn 


*Marked pins 
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A0-A2 



CSx* 



low* 



i T8 , 
k w 



T9 



T14 k— w T15 h Ht16 T17 

N ^ ■ H 



112 \< T13 



D0-D7 



GENERAL READ TIMING 



A0-A2 



CSx* 



lOR* 



i T8 , 
k w 



T9 



T21 N — w T23 !^ Ht24 T25 

w ' H 



T26 H— w 



T19 



D0-D7 
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TRANSMIT TIMING 



TXOUT 



INTx 



low 



START BIT 
1^ w 



DO 



T33 



DATA BITS (5-8) 



STOP BIT 
-w 1^ w 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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TXRDY TIMING FOR MODE "0" 



TX OUTPUT 



low* 



D0-D7 



START BIT 

K- ►! 



DATA BITS (5-8) 



BYTE#1 



STOP BIT 

-W \4 W 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 X 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T46 




T47 



TXRDY 
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TXRDY TIMING FOR MODE "1" 



START BIT 

H< N DATA BITS (5-8) STOP BIT 

H4 ^ : ^ ^ M W 



TX OUTPUT 




6 DATA BITS 



7 DATA BITS 



low* 



D0-D7 



TXRDY 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 

M N 



DATA BITS (5-8) 



DO 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 
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RXRDY TIMING FOR MODE "0" 



START BIT 



DATA BITS (5-8) 



STOP BIT 

1^ N 



RX INPUT 
(First byte) 


\^ 1 DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



5 DAT^ BITS 



6 DATA BITS 



7 DATA BITS 




<>jT44 



RXRDY 



->iT45 



lOR* 
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RXRDY TIMING FOR MODE "1" 



RX INPUT 



START BIT 

W 



DATA BITS (5-8) 



STOP BIT 
-w w 



DO 



D1 



D2 



D3 



D4 



D5 



D6 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



^T44 



RXRDY 



h<— -HT45 



lOR* 
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PARALLEL PORT GENERAL WRITE TIMING 




PDO-PD7 
STROBE* 
INIT 

AUTOFDX* 
SLCTIN* 
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PARALLEL PORT READ TIMING 



ACK* 



INTP* 



T39 
H — H 



T40 



lOR* 



INTSEL 



PD0-PD7 



TAO r 
1^ — N 



NORMAL MODE 



VALID DATA 



T42 



T43 



INTERRUPT LATCHED MODE SELECT 



-T41 
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UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFO 
AND PARALLEL PRINTER PORT WITH 83 BYTE FIFO 



DESCRIPTION 



The ST16C553 is a dual universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO and a bi-directional CENTRONICS type 
parallel printer port with 83 bytes of FIFO. A program- 
mable baud rate generator is provided to select trans- 
mit and receive clock rates from 50Hz to 448kHz. 
The ST1 6C553 on board status registers provides the 
error conditions, type and status of the transfer 
operation being performed. Included is complete 
MODEM control capability, and a processor intenupt 
system that may be software tailored to the user's 
requirements. The ST16C553 provides internal loop- 
back capability for on board diagnostic testing. 
The ST16C553 is fabricated in an advanced 1.2}i 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



► Pin to pin and functional compatible to VL1 6C552, 
WD16C552 

► 16 byte transmit FIFO 

► 16 byte receive FIFO with error flags 

► 83 bytes of printer output FIFO 

» Modem control signals (CTS*, RTS*, DSR*. DTR*. 
RI*.CD*) 

» Programmable character lengths (5, 6, 7, 8) 

* Even, odd, or no parity bit generation and detection 
» Status report register 

» Independent transmit and receive control 

* TTL compatible inputs, outputs 

» Software compatible with INS8250, NS16C550 

► 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source. 

* Bi-directional hardware/software parallel port 
» Bi-directional I/O ports 



PLCC Package 



I § § I h § § 1 ^ K h M i 1 




ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C553CJ68 PLCC 0" C to + 70° C 

ST16C553IJ68 PLCC -40** C to + 85*' C 



ST16C553 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin D6^criptioii 


D0-D7 


14-21 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer infomiation to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


A0-A2 


35-33 


1 


Address select lines. To select intemal registers. 


CLK 


4 


1 


Clock input. An extemal clock can be used to clock intemal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 


1 


1 


Printer direction select. A high puts the parallel port in the 
input 7 output mode and low sets the ST16C553 to output 
mode. 


low* 


36 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR* 


37 


\ 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C553 data bus to the CPU. 


RDOUT 


44 


o 


Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C553 to en/disable the 
external transceiver or logic's. 


RESET* 


39 


1 


Master reset (active low). A low on this pin will reset all the 
outputs and intemal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CSA/B* 


32,3 


1 


Chip select A/B (active low). A low at this pin enables the 
serial port-A/B / CPU data transfer operation. 


DSRA/B* 


31,5 


1 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does hot have any effect on the transmit or receive opera- 
tion. 


RIA/B* 


30,6 


1 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 



Iliili 
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Pin 


Qiyiidi 1 ypts 




CD A/B* 


29,8 


1 


Carrier detect A/B (active low). A low on this pin indicates 
the earner has been detected by the modem. 


TXA/B 


26.10 





Serial data output A/B. The serial data is transmitted via 
this pin with additional start . stop and parity bits. The TX will 
be held in mark (hiQh) state durinQ reset, local loopback 
mode or when the transmitter is disabled. 


DTRA/B* 


25.11 


o 


Data terminal ready A/B (active low). To indicate that 
ST16C553 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 

\A/ritinn a "1 " atthoMf^Phit HiAiill cottho nTP^mitniittn Irtui 

vvniiny a i aiincMoKDii-uwiiisciiiicui r\ ouipuiioiow. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 






o 


r\CL|Ucol lU oCIIU AvD ^dUllVC/ lUW^. 1 U IIIUIUcllC lllal IIIC 

transmitter has data ready to send. Writing a "1" In the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 

upcidllUll. 


RXA/B 


41.62 


\ 


Serial data input A/B. The serial information (data) received 
from serial oort to ST16C553 recGlve inout oircuit A marie 
(high) is logic one and aspace (low) is logic zero. During the 
local loopback mode the RX input is disabled from extemal 
connection and connected to the TX output intemally. 


CTS A/B* 


28.13 


1 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT A/B 


45.60 


o 


Interrupt output A/B (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver enror, receiver data available, transmitter 
empty, or modem status condition flag is detected. 


TXRDYA/B 


22.42 


o 


Transmit ready A/B (active high). This pin goes high when 
the transmit FIFO oftheST16C553 is full. It can be used as 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pirt De$crip^pn 








a single or multi-transfer. 


RXRDYA/B* 


9,61 


o 


Receive ready A/B (active low). This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


CSP* 


38 


1 


Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 


PD7-PD0 


46-53 


I/O 


Bi-directional parallel ports (three state). To transfer data in 
or out of the ST16C553 parallel port. PD7-PD0 are latched 
during output mode. 


STROBE* 


55* 


I/O 


General purpose I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (PD0-PD7). 


AUTOFDXT* 


56* 


I/O 


General purpose I/O or automatic line feed (open drain 
active low). When this pin this signal is low, the printer 
should automatically line feed after each line is printed. 


INIT 


57* 


I/O 


General purpose I/O or line printer initialize (open drain 
active high). To signal the line printer to enter intemal 
initialization routine. 


SLCTIN* 


58* 


I/O 


General purpose I/O orline printer select (open drain active 
low). When this signal is low, it selects the printer. 


ERROR* 


63* 


1 


General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLOT 


65* 


1 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


66* 


1 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 



3-291 



ST1 60553 



<0 

SYMBOL DESCRIPTION 



Symbor 


Pin 


Signal Type 


Pin Description 


PE 


67* 


1 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


AGK* 


68* 


1 


General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 


INTP* 


59 


O 


Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin. When 
ACK* is low INTP is low and when ACK* is high INTP is high 


INTSEL* 


43 


1 


Interrupt select mode. The external ACK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Connecting this pin to VCC will set the intenrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND 


2,7.54 





Signal and power ground. 


VCC 


23,40,64 




Power supply input. 



* Have internal pull-up resistor on inputs 



PROGRAMMING TABLE FOR SERIAL PORTS 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Intenrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C553 ACCESSIBLE REGISTERS A/B 



A2A1A0 


Register 






llllll 


iliiliii 


iiiiiiii 


lllllllll 




Bnr-0 





RHR 


blt-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


lER 














modem 
status 
intenrupt 


receive 
line 
status 


transmit 
holding 
register 
intenrupt 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(IVISB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


INT 
enable 


not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
enror 


trans, 
empty 


trans. 

holding 

empty 


break 
intenrupt 


framing 
enror 


parity 
error 


ovenrun 
enror 


receive 
data 
ready 


1 1 


MSR 


CD 




DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit'7 


bit'6 


bit-5 


bit'4 


bit'3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit'lS 


bit'U 


bit'13 


bit'12 


bit-11 


bit-10 


b'it-0 


bits 



i 



DLL and DLM are accessible only when LCR bit-7 is set to "1 ". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
intenrupts (lER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting lER BIT 3-0 to zero puts 
the ST16C553 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which enror(s) has oc- 
cunred. 

C) LSR EIIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any enrors 
in the receive FIFO. 

The ST1 6C553 requires to have two step Fl FO enable 
operation in order to enable receive trigger levels. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C553 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-8 MHz and dividing it by any divisor from 1 
to 2^^ -1. The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
X Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (lER) 

The Interrupt Enable Register (lER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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lER BIT-0: 

0=disable the receiver ready interrupt. 
1 =enable the receiver ready interrupt. 

IERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

lER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status intenrupt. 

IERBIT-3: 

0=disable the modem status register intenrupt. 
1=enable the modem status register intenrupt. 

lER BIT lAi 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C553 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Intenrupt Status Regis- 
ter (ISR) provides the source of the intenrupt in priori- 
tized matter. During the read cycle the ST16C553 
provides the highest interrupt level to be serviced by 
GPU. No other intenrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized intenrupt levels: 



Priority level 



p 


D3 


ill 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








FRXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Receive Data 












time out) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



*RECEIVE TIMEOUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Charactertime = 40 / 9 [ (programmed wofd length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Charactertime = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no intenrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C553 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 

Tliis bit siiould be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0=No change. 

1 =Clearsthe contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-2: 
0=Nochange. 

1 =Clears the contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will retum to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins fronri mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST16C553 is in ST16C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FGR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded Into the transmit 
holding register. 

Receive operation in mode '*0": 
When ST16C553 is in ST16C450 mode ( FCR bit-0=0 
) orin the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C553 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 



Receive operation in mode "1": 
When ST16C553 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO intenrupt. 



BiT-r 




FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 





llliill 


Worcf length 








5 





1 


6 


1 





7 


1 


1 


8 
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LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BlT-2 


Word length 


Stop t>it(s) 





5,6,7.8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit Is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 dnd LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCRBIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
O=norma[ operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The intemal baud rate counter latch enable (DLEN). 
O=normal operation. 
1=select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the Interface with the MODEM 
or a peripheral device {RS232). 

MCR BIT-0: 

O=force DTR* output to high. 
1=force DTR* output to low. 

MCR BIT-1: 

O=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

Not used. 

MCR BIT-3: 

0=set INT output pin to three state mode. 

1=set INT output pin to normal / active operating 

mode. 

MCRBIT^: 

O=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Marie condition), 
the receiver input (RX) , CTS*. DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

in this mode , the receiver and transmitter intenrupts 
are fully operational. The Modem Control Intenrupts 
are also operational, but the intenrupts sources are 
now the lowerfour bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the lER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 
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LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSR BIT-1: 

0=no overrun enror (normal). 
1 =overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is oven/vritten, but it is not transfenred to the 
FIFO. 

LSR BIT-2: 

0=no parity enror (normal). 

1=parity enror, received data does not have connect 
parity information. In the FIFO mode this enror is 
associated with the character at the top of the FIFO. 

LSRBIT-3: 

0=no framing error (normal). 
1 =framing enror received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSRBIT-4: 

0= no break condition (normal). 
1 =receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSRBIT-5: 

0=transmit holding register is full. ST16C553 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 =transmitter holding and shift registers are empty. In 



FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSRBIT-7: 

0=Normal. 

1=At least one parity enror, framing enror or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
infomnation. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C553 has 
changed state since the last time it was read. 

MSRBIT.1: 

Indicates that the DSR* input to the ST16C553 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C553 has 
changed from a low to a high state. 

MSRBIT-3: 

Indicates that the CD* input to the ST16C553 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS In the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
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PER FUNCTIONAL DESCRIPTION 

ri6C553 parallel port is designed to operate as 
nal CENTRONICS printer interface. The port 
ins 83 byte FIFO that may be enabled via bit-7 
i Alternate Function Register (AFR). After reset, 
IFO is disabled and the part will function identical 
a ST16C552. Once the FIFO is enabled via AFR 
, the port will enter FIFO mode after the first byte 
ate is strobed to the printer and the printer re- 
nds with either an ACK* or BUSY signal. 

} ST16C553 will remain in FIFO mode until the part 
Bsot or INIT is brought low. While in FIFO mode, 
a transfer to the printer will be controlled by the 
Iter without any user intervention. The printer port 
3 contains a FIFO byte counter that maintains a 
int of the number of bytes remaining in the FIFO. 
3 FIFO and the FIFO byte counter are cleared by a 
ot or by a change of state of the INIT pin. All FIFO 
jted timing is derived from the clock input to pin 4 
he part. 

j ' „ 

Special parallel port write / read mode is activated 
INIT is held low, either by writing a "0" to Control 
lister bit-2 or by forcing the INIT pin low. In this 
le the FIFO read pointer is advanced by reading 
)arallel port instead ofthe ACK* or BUSY signals. 
STROBE* output is forced high. This allows the 
to perform write to parallel port and read from 
^el port operations without strobing data to the 
r. 

ing an INIT, the parallel port will not be in the 
node. Control Register bit-0 is used as the 
E*, Status Register bit-7 is the inverse ofthe 
ignal, and INTP* is derived from ACK*. The 
1 Into FIFO mode will occur after the first 
:* is generated and the printer responds with 
ACK* or BUSY. In FIFO mode, STROBE* is 
^ automatically and writing to Cdntrol Regis- 
^s no effect on STROBE*. Altemate Func- 
3r bit 0-2 are used to control the delay and 
ROBE*. Handshaking between the printer 
6C553 may be controlled by bit-3 of the 
iction Register. Setting this bit to a "1 " will 
ise of BUSY instead of ACK* for FIFO 



reading and intenrupt control. INTP* will transition low 
when a "1" is written to Control Register bit-0 and will 
transition high when a write to parallel port is per- 
formed. In FIFO mode, data transfer to the printer will 
be controlled by the printer and will occur at the 
printer's maximum data rate. 

The FIFO byte counter is incremented one count for 
each parallel port write and decremented one count 
for each FIFO read (data taken by printer). A FIFO 
read will be generated at the falling edge of either 
ACK* or BUSY. The byte counter will require two to 
three clock cycles to update. Hence, a read to Fifo 
Byte Count Register (FBCR) should only be per- 
formed minimum of three clock after the falling edge 
of either ACK* or BUSY. The counter is reset when- 
everthe FIFO is reset. If write to parallel port operation 
is attempted when the FIFO is full, the data will not be 
written into the FIFO and the counter will not incre- 
ment. 

Two interrupt modes are available and are selected 
with the INTSEL* pin. If this pin is tied high, a latched 
intenrupt will result. In this mode, INTP* will transition 
low when a "1" is written to Control Register bit-0. A 
reset or reading the Status Register will clear the 
intenrupt. If INTSEL* pin is tied low, INTP* will transi- 
tion low when a "1" is written to Control Register bit-0 
and will transition high when a write to the parallel port 
is issued. This (non-latched) intenrupt signal is always 
available in Status Register bit-6 regardless of the 
state of the INTSEL* pin. Status Register bit-2 will 
always contain the latched interrupt state. The polarity 
ofthe INTP* pin may be inverted by setting Altemate 
Function Register bit-6 high. 

The ST16C553 provides additional programmable 
interrupt output options by programming the Altemate 
Function Register bit 4-5. INTP* output can be se- 
lected as FIFO full or FIFO ertipty interrupt. 
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back mode. It is the compliment of the Rl* input. 
MSR BIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Intenrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C553 provides a temporary data register to store 
8 bits of information for variable use. 



ST1 6C553 EXTERNAL RESET CONDITION 



BAUD RATE GENERATC 
TABLE (1.8432 MHz CLOCK 



REGISTERS 


RESET STATE 


lER 


lER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0. 




LSR BITS 5-6=1 LSR. BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 


AFR 


AFR BIT 0-7=0 




SIGNALS 




TX 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state modf 


RXRDY* 


High 


TXRDY 


Low 



e 
er 

''nte 



PRINTER PORT PROGRAMMING TABLE: 



llilllli 


:|||||||:| 


lOW* 










PORT REGISTER 


PORT REGIf 





1 


I/O SELECT REGISTER 


STATUS RF 


1 





CONTROL REGISTER 


COMMANr 


1 


1 


ALTERNATE FUNCTION REGISTER 


FJFO BYT 



* Reading the status register will reset the INTP output. 
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PRINTER PORT REGISTER DESCRIPTIONS 
PORT REGISTER 

Bi-directional printer port. 

Writing to this register during output mode will transfer 
the contents of the data bus to the PD7-PD0 ports . 
Reading this register during input mode will transfer 
the states of the PD7-PD0 to the data bus. This 
register will be set to the output mode after reset. 

PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the intenrupt condition. 

SR BIT 1-0: 

This bit is set to T normally except when intenrupt is 
selected as FIFO empty via AFR. 



SRBIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 

SR BIT-7: 

BUSY or FIFO full/ FIFO empty signal. 

ST16C552 mode (FIFO is not enabled). 
0= BUSY input is in high state 
1= BUSY input is in low state 

FIFO is enabled. 
0= FIFO is full 

1= One or more empty locations in FIFO 
COMMAND REGISTER 

The state of the STROBE*. AUTOFDXT*. INIT. 
SLCTIN* pins, and intenrupt enable bit can be read by 
this register regardless of the I/O direction. 



SRBIT-2: 

Intenrupt condition. 

0= an intenrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no interrupt is pending 

Reading the STATUS REGISTER will set this bit to 
T. 

SRBIT-3: 

ERROR input state. 

0= ERROR input is in low state 

1 = ERROR input is in high state 

SRBIT^: 

SLOT input state. 

0= SLOT input is in low state 

1 = SLCT input is in high state 

SRBIT-S: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 



COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1= STROBE* pin is in low state 

COMBIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1 = SLCTIN* pin is in low state 
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COMBIT-4: 

Interrupt mask. 

0= Interrupt (INTP output) is disabled 
1 = Interrupt (INTP output) is enabled 

COM BIT 7-5: 

Not used. Are set to T permanently. 
CONTROL REGISTER. 

Writing to this register will set the state of the 
STROBE*. AUTOFDXT*. INIT, SLCTIN pins, and 
interrupt mask register. 

CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1 = STROBE* output is set to low state 

CONBIT-1: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1 = AUTOFDXT* output is set to low state 

CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1= INIT output is set to high state 

CONBIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1 = SLCTIN* output is set to low state 

CONBIT-4: 

Interrupt output control biL 

0= INTP output is disabled (three state mode) 

1= INTP output is enabled 

CONBIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit. 

0= PD7-PD0 are set for output mode 

1= PD7-PD0 are set for input mode 

CON BIT 7-6: 

Not used. 



ALTERNATE FUNCTION REGISTER (AFR) 

This register En/Disables FIFO operation and pro- 
vides additional capabilities to control STROBE*. 
INTP* and change intenrupt functions. 

AFR BIT 0-2: 

Timing select. 

The STROBE* delay and width can be controlled by 
these bits. 



AFR 


Wmm 


AFR 


TSD 


TSW 


llllll 


^iiiiii: 


sm 


(Clocks) 


(clocks) 


1 








3 


2 


1 





1 


5 


4 


1 


1 





5 


4 


1 


1 


1 


9 


8 











6 


4 








1 


10 


8 





1 





10 


8 





1 


1 


18 


16 



AFRBIT-3: 

Intenrupt source. 

0= ACK* input pin is selected as printer handshaking 
source 

1= BUSY input pin is selected as printer handshaking 
source 

AFR BIT 4-5: 

Interrupt type. State of the INTP* output pin can be 
selected for one of the following options. 



Bit-5 




INTP* output 


iiii 










bit-O 


bit-6 








Normal mode 


1 


BUSY* 





1 


FIFO empty 


1 


FIFO empty 


1 





FIFO full 


1 


FIFO full 


1 


1 


FIFO empty 





FIFO empty 
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AFR BIT-6: 

INTP* output polarity. 

0= Normal. INTP* output follows the ACK* input 
1= Inverted INTP* output 

AFRBIT-7: 

FIFO enable / disable function. 

0= FIFO is disabled( default mode). The ST16C552 

compatible mode. 

1= FIFO is enabled. Internal 83 byte of FIFO is 
enabled. 

FIFO BYTE COUNT REGISTER (FBCR) 

State and content of the printer FIFO can be moni- 
tored by reading this register. 

FCBRBiTO-6: 

FIFO byte count. Number of characters left in FIFO. 

FBCRBIT-7: 

FIFO state. 

0= FIFO is enabled 

1= FIFO is disabled 



I/O SELECT REGISTER 

Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
"zero or one" 

Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 



ST16C553 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


High, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 



PARALLEL PORT DIRECTION SELECT REGISTER (WRITE ONLY) 



CONTROL REGISTER <D5) 


BIDEN 


I/O SELECT REGISTER 


PORT DIRECTION 


X 





AAHex 


Input mode 


X 





55 Hex 


Output mode 





1 


X 


Output mode 


1 


1 


X 


Input mode 
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ST16C553 PRINTER PORT REGISTER CONFIGURATIONS 



A2A1Aa 










illilil 


D3 


D2 


D1 


DO 


X 


PR 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 


X 1 


STR 


BUSY*/ 
Alternate 
function 


ACK 


PE 


SLOT 


ERROR 


IRQ 


1 


1 


X 1 


I/O 


bit-7 


bit-6 


bjt-5 


blt-4 


bit-3 


bit-2 


bit-1 


bit-0 


X 1 


COM 


1 


1 


1 


IRQ 
state 


SLCTIN* 


INIT 


AUTO- 
PDXT* 


STROBE* 


X 1 


CON 


1 


1 


I/O 
select 


IRQ 
mask 


SLCTIN* 


INIT 


AUTO- 
PDXT 


STROBE* 


X 1 1 


APR 


PlPO 
enable 


INTP* 
polarity 


IRQ 
type 
bit-1 


IRQ 
type 
bit-0 


INTP* 
source 


TIMING 
select 
bit-2 


TIMING 
select 
bit-1 


TIMING 
select 
bit-0 


X 1 1 


PBCR 


PlPO* 
status 


PBC-6 


PBC-5 


PBC-4 


PBC-3 


PBC-2 


PBC-1 


PBC-0 
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AC ELECTRICAL CHARACTERISTICS 



T^=25* C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Unjts 


Conctitions 






Mi'n 


Typ 


Max 
















Clock high pulse duration 


50 






ns 




2 


Clock low pulse duration 


50 






ns 


Extemal clock 


T3 


Clock rise/fall time 






10 


ns 




Ts 


Chip select setup time 


5 






ns 




T9 


Chip select hold time 









ns 




Til 


lOR* to DDIS* delay 






25 


ns 


too pF load 




Data setup time 


15 






ns 






Data hold time 


15 






ns 






low* delay from chip select 


10 






ns 




15 


low* strobe width 


50 






ns 






Chip select hold time from lOW* 









ns 






Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




Tia 


Data hold time 


15 






ns 




' 21 


lOR* delay from chip select 


10 






ns 






lOR* strobe width 


65 






ns 




T« 


Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 


"^28 


Delay from lOW* to output 






50 


ns 


100 pF load 


T« 


Delay to set interrupt from MODEM 
input 






70 


ns 


100 pF load 


T30 


Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set intenrupt 






^Rdk 


ns 


100 pF load 


T3. 


Delay from lOR* to reset intenrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenrupt 






100 


ns 




Taa 


Delay from lOW* to reset interrupt 






175 


ns 




Tas 


ACK* pulse width 


75 






ns 




T40 


PD7 - PDO setup time 


10 






ns 
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AC ELECTRICAL CHARACTERISTICS 

T^=25° C, V^=5.0 V ± 5% unless othen/vise specified. 



Symboi 


Parameter 


Mm 


Limits 
Typ 


IVlax 


Units 


Conditions 










T41 
T42 
T43 
T44 


PD7 - PDO hold tinne 
Delay from ACK* low to interrupt low 
Delay from IOR*to reset intenrupt 
Delay from stop to set RxRdy 
Delay from lOR* to reset RxRdy 
Delay from lOW* to set TxRdy 
Delay from start to reset TxRdy 


25 
5 
5 




1 

'rclk 

1 

195 
8 


ns 
ns 
ns 

^s 

ns 
* 




N 


Baud rate devisor 


1 




216-1 






Note 1 


* = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70** C 

Storage temperature -40'* C to +150** C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



1^=25** C, Vjj^,=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Umtts 




Untt9 


Condftiont 




Min 


Typ 


Max 
















ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




V 

^IH 


Innut hinh IpvpI 

lll|iyui lll^ll lwV\7l 


2.2 




VCC 


v 






Output low level 






0.4 


V 


loL= 6.0 mA D7-D0 












loL=15mA PD7- 














PDO 














Iql= 6.0 mA on all 














other outputs 


VoH 


Output high level 


2.4 






V 


-6.0 mA D7- 












DO 














Iq„= -12.0 mA 














PD7-PD0 














I^--150mA 














SLCTIN*. 














INIT*.STROBE*. 














AUTOFDXT* 














Iq„= -6.0 mA on all 














other outputs 


Ice 


Avg. power supply current 




12 


20 


mA 




l|L 


Input leakage 






±10 


mA 


Exc. pins 63, 65, 














66, 67. 68 


R|N 


Input pullup resistance 






11 


Kn 


Pins 63, 65, 66, 












67, 68 


•CL 


Clock leakage 






±10 


mA 




RiN 


Intemal pull-up resistance 


4 




15 


kO 


^Marked pins 
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GENERAL WRITE TIMING 



A0-A2 



CSx* 



low* 



T8 



T14 



T15 



T9 



-Ht16 T17 



T12 w 



D0-D7 



T13 



GENERAL READ TIMING 



A0-A2 



CSx* 



lOR* 



RDOUT 



D0-D7 




19 



T21 h — ►! T23 !^"^ HT24 T25 
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MODEM TIMING 
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RECEIVE TIMING 



RX INPUT 



INTx 



lOR* 



START BIT 



DO 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




h4 

16 BAUD RATE CLOCK 
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RXRDY TIMING FOR MODE "0" 



0) 



O 
(11 

Ol 



RX INPUT 
(First byte) 



STOP BIT 

P\ W 




oiT44 



RXRDY 



H HT45 



lOR* 
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RXRDY TIMING FOR MODE "1" 



START BIT 



RX INPUT 



DATA BITS (5-8) 



STOP BIT 
-w w w 



DO 
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STARTECH ST78C34 

Printed February 23, 1994 

GENERAL PURPOSE PARALLEL PRINTER PORT WITH 83 BYTE FIFO 



DESCRIPTION 



The ST78C34 is a monolithic Bidirectional Parallel 
port designed to operate as a general purpose I/O port. 
It contains all the necessary input/output signals to be 
configured as a CENTRONICS printer port. 
The ST78C34 is a general purpose input/output 
controller with 83 byte internal FIFO. FIFO operation 
can be enabled or disabled. For CENTRONICS printer 
operation, all registers are mapped to IBM printer port 
registers. 

The ST78C34 is designed to operate as normal 
printer interface without any additional settings. 
Contents of the FIFO will be cleared after reset or 
setting the INIT pin to a low state. The auto FIFO 
operation starts after the first ACK* is received from 
the printer. Contents of the FIFO transfer to the printer 
at the printer loading speed. 
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Plastic-DIP Package 



FEATURES 

• 83 bytes of printer output FIFO 

• Bi-directional software parallel port 

• Bi-directional I/O ports 

• Pin-to-pin compatible to ST78C35 

• Register compatible to IBM XT, AT, compatible 
386. 486 

• Selectable intemipt polarity 

• Selectable FIFO intenrupts 



ORDERING INFORMATION 



Part number 

ST78C34CJ44 

^T78C34IJ44 

ST78C34CP40 

ST78C34IP40 



Package Operating temperature 
PLCC 0**C to + 70'*C 

PLCC -40° C to + 85° C 
Plastic-Dip 0° C to + 70° C 
Plastic-Dip -40° C to + 85° C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


ERROR* 


1 


1 


General purpose Input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 


2 


1 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


3 


1 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 


ACK* 


4 


1 


General purpose input or line printer acknowledge (active 
low). An output from the printer to Indicate that data has 
been accepted successfully. 


PE 


5 


1 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


INTSEL 


6 


1 


Interrupt select mode (pulled-up). The external ACK* can 
be selected as an interrupt source by connecting this pin to 
the VCC or left open. Connecting this pin to GND will set the 
interrupt to latched mode, reading the status register resets 
the INT output. 


D0-D7 


14-7 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer Information to or from the CPU. DO Is the least 
significant bit of the data bus. 


N.C. 


15 




No connect. Should be left open for future expansion. 


INT 


16 


o 


Interrupt output (selectable active low or high). To signal the 
state of the printer port. This pin tracks the ACK* Input pin, 
When ACK* is low INT Is low and when ACK* Is high INT is 
high if selected as active low interrupt. 


XTAL1 


17 


1 


Crystal input 1 or extemal clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the intemal 
oscillator circuit. An extemal clock can be used to clock 
oscillator circuit. 



4 
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Symbol 


Pin 


Signal Type 


Pin Description 


XTAL2 


18 


O 


Crystal input 2 or buffered clock output. See XTAL1 . 


CS* 


19 


I 


Chip select (active low). A low at this pin enables the 
ST78C34 / CPU data transfer operation. 


GND 


20 


o 


Signal and power ground. 


RESET 


21 


1 


Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. 


STROBE* 


22 


I/O 


General purpose I/O or strobe output (open drain active 
low). To transfer latched data to the external peripheral or 
printer. 


AUTOFDXT* 


23 


I/O 


General purpose I/O or line printer auto feed (open drain 
active low). To signal the printer for continuous form feed. 


INIT 


24 


I/O 


General purpose I/O or line printer initialize (open drain 
active high). To signal the line printer to enter internal 
initialization routine. 


SLCTIN* 


25 


I/O 


General purpose I/O or line printer select (open drain active 
low). To select the line printer. 


GND 


26 


o 


Power and signal ground. 


PD7-PD0 


34-27 


I/O 


Bi-directional parallel ports (three state). To transfer data in 
orout ofthe ST78C34 parallel port. PD7-PD0 are latched 
□unng ouipui mooe. 


A2 


35 




Address line A2. To select internal registers. 


A0-A1 


36-37 


1 


Address lines. To select internal registers. 


low* 


38 




Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


lOR* 


39 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST78C34 data bus to the CPU. 


VCC 


40 


1 


Power supply input. 



4-6 



ST78C34 

H 
00 

O 

PRINTER PORT PROGRAMMING TABLE: 



A1 


iiiiii 


low* 


lOR* 








PORT REGISTER 


PORT REGISTER 





1 




STATUS REGISTER * 


1 





CONTROL REGISTER 


COMMAND REGISTER 


1 


1 


ALTERNATE FUNCTION REGISTER 


FIFO BYTE COUNT REGISTER 



* Reading the status register will reset the INT output. 



PRINTER FUNCTIONAL DESCRIPTION 

The ST78C34 parallel port is designed to operate as 
a normal CENTRONICS printer interface. The port 
contains 83 byte FIFO that may be enabled via bit-7 
of the Alternate Function Register (AFR). After reset, 
the FIFO is disabled and the part will function identical 
to the ST16C552. Once the FIFO is enabled via AFR 
bit-7, the port will enter FIFO mode after the first byte 
of data is strobed to the printer and the printer 
responds with either an ACK* or BUSY signal. 

The ST78C34 will remain in FIFO mode until the part 
is reset or INIT is brought low. While in FIFO mode, 
data transfer to the printer will be controlled by the 
printer without any user intervention. The printer port 
also contains a FIFO byte counter that maintains a 
count of the number of bytes remaining in the FIFO. 
The FIFO and the FIFO byte counter are cleared by a 
reset or by a change of state of the INIT pin. All FIFO 
related timing is derived from the clock input to pin 1 7 
of the part. 

A special parallel port write / read mode is activated 
when INIT is held low, either by writing a "OMo Control 
Register bit-2 or by forcing the INIT pin low. In this 
mode the FIFO read pointer is advanced by reading 
the parallel port instead of the ACK* or BUSY signals. 
The STROBE* output is forced high. This allows the 
user to perform parallel port write and read from 
operations without strobing data to the printer. 

Following an INIT, the parallel port will not be in the 



FIFO mode. Control Register bit-0 is used as the 
STROBE*, Status Register bit-7 is the inverse of the 
BUSY signal, and INT is derived from ACK*. The 
transition into FIFO mode will occur after the first 
STROBE* is generated and the printer responds with 
either an ACK* or BUSY. In FIFO mode, STROBE* is 
generated automatically and writing to Control 
Register bit-0 has no effect on STROBE*. Altemate 
Function Register bit 0-2 are used to control the delay 
and width of STROBE*. Handshaking between the 
printer and the ST78C34 may be controlled by bit-3 of 
the Altemate Function Register. Setting this bitto a "1 " 
will result in the use of BUSY instead of ACK* for FIFO 
reading and interrupt control. INT will transition low 
when a "1 " is written to Control Register bit-0 and will 
transition high when a write to parallel port is 
performed. In FIFO mode, data transfer to the printer 
will be controlled by the printer and will occur at the 
printer's maximum data rate. 

The FIFO byte counter is incremented one count for 
each parallel port write and decremented one count 
for each FIFO read (data taken by printer). A FIFO 
read will be generated at the falling edge of either 
ACK* or BUSY. The byte counter will require two to 
three clock cycles to update. Hence, a read of FIFO 
Byte Count Register (FBCR) should only be 
performed a minimum of three clock after the falling 
edge of either ACK* or BUSY. The counter is reset 
whenever the FIFO is reset. If write to parallel port 
operation is attempted when the FIFO is full, the data 
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will not be written into the FIFO and the counterwill not 
increment. 

Two interrupt modes are available and are selected 
with the INTSEL pin. If this pin is tied low, a latched 
interrupt will result. In this mode. INT will transition low 
when a "1" is written to Control Register bit-0. A reset 
or reading the Status Register will clear the interrupt. 
If INTSEL pin is tied high, INT will transition low when 
a "r is written to Control Register bit-0 and will 
transition high when a write to the parallel port is 
issued. This (non-latched) interrupt signal is always 
available in Status Register bit-6 regardless of the 
state of the INTSEL pin. Status Register bit-2 will 
always contain the latched interrupt state. The polarity 
of the INT pin may be inverted by setting Alternate 
Function Register bit-6 high. 

The ST78C34 provides additional programmable 
interrupt output options by programming the Alternate 
Function Register bit 4-5. INT output can be selected 
as FIFO full or FIFO empty interrupt. 

REGISTER DESCRIPTIONS 

PORT REGISTER 

Bi-directional printer port. 

Writing to this registerduring output mode will transfer 
the contents of the data bus to the PD7-PD0 ports . 
Reading this register during input mode will transfer 
the states of the PD7-PD0 to the data bus. This 
register will be set to the output mode after reset. 

PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the interrupt condition. 

SR BIT 1-0: 

This bits are set to "1" normally except when AFR bit 
5-4 are both set to "r. 



SR BIT-2: 

Interrupt condition. 

0= an interrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no interrupt is pending 

Reading the STATUS REGISTER will set this bit to 
T. 

SR BIT-3: 

ERROR input state. 

0= ERROR input is in low state 

1= ERROR input is in high state 

SRBIT-4: 

SLOT input state. 

0= SLCT input is in low state 

1= SLCT input is in high state 

SRBIT-5: 

PE input state. 

0= PE input is in low state 

1 = PE input is in high state 

SR BIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1 = ACK* input is in high state 

SRBIT-7: 

BUSY or FIFO full signal. 

0= BUSY input is in high state 
1= BUSY input is in low state 

FIFO is enabled. 
0= FIFO is full 

1 = One or more empty locations in FIFO 
COMMAND REGISTER 

The state of the STROBE*. AUTOFDXT*. INIT. 
SLCTIN* pins, and interrupt enable bit can be read by 
this register regardless of the I/O direction. 
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COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1= STROBE* pin is in low state 

COMBIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1= SLCTIN* pin is in low state 

COM BIT^: 

Intenrupt mask. 

0= Interrupt (INT output) is disabled 
1= Interrupt (INT output) is enabled 

COM BIT 7-5: 

Not used. Are set to "1" permanently. 
CONTROL REGISTER. 



CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1= INIT output is set to high state 

CON BIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1= SLCTIN* output is set to low state 

CON BIT-4: 

Interrupt output control bit. 

0= INT output is disabled (three state mode) 

1= INT output is enabled 

CON BIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit 

0= PD7-PD0 are set for output mode 

1= PD7-PD0 are set for input mode 

CON BIT 7-6: 
Not used. 

ALTERNATE FUNCTION REGISTER (AFR) 

This register En/Disables FIFO operation and 
provides additional capabilities to control STROBE*. 
INT and change intenrupt functions. 



Writing to this register will set the state of the 
STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and 
intenrupt mask register. 

CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1 = STROBE* output is set to low state 

CONBIT-1: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1= AUTOFDXT* output is set to low state 



AFR BIT 0-2: 

Timing select. 

The STROBE* delay and width can be controlled by 
these bits. 
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AFR BIT-3: 
Interrupt source. 

0= ACK* input pin is selected as printer handshaking 
source 

1 = BUSY input pin is selected as printer handshaking 
source 

AFR BIT 4-5: 

Interrupt type. State of the INT output pin can be 
selected for one of the following options. 



ST78C34 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


Unknown, output mode 

High 

High 

Low 

High 



Bit-5 


iiiilii 


INT output 




ii^iiiiiiiiiiiii:! 








liil 


bit-6 








Normal mode 


1 


ACK* 





1 


FIFO empty 


1 


FIFO empty 


1 





FIFO full 


1 


FIFO full 


1 


1 


FIFO empty 





FIFO empty 



AFRBIT-6: 

INT output polarity. 

0= Normal. INT output follows the ACK* input 
1= Inverted INT output 

AFRBIT-7: 

FIFO enable / disable function. 

0= FIFO is disabled( default mode). 

1= FIFO is enabled. Intemal 83 byte of FIFO is 

enabled. 

FIFO BYTE COUNT REGISTER (FBCR) 

State and content of the printer FIFO can be 
monitored by reading this register. 

FCBRBITO-6: 

FIFO byte count. Number of characters left in FIFO. 
FCRB bit-0 is the LSB bit of the counter and FCRBbit- 
6 is the MSB bit of the counter. 

FBCRBIT-7: 

FIFO state. 

0= FIFO is enabled 

1= FIFO is disabled 
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ST78C34 REGISTER CONFIGURATIONS 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 


Units 


Cdndltiohs 






Min 


TVD 


Max 














T, 


Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


Extemal clock 


T3 


Clock rise/fall time 






10 


ns 




Ta 


Chip select setup time 


5 






ns 




T. 


Chip select hold time 









ns 




T,, 


Data setup time 


15 






ns 




T„ 


Data hold time 


15 






ns 




T,; 


low* delay from chip select 


10 






ns 






low* strobe width 


50 






ns 




T,e 


Chip select hold time from lOW* 









ns 




T„ 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T„ 


ACK* pulse width 


75 






ns 




T.0 


PD7 - PDO setup time 


10 






ns 




T„ 


PD7 - PDO hold time 


25 






ns 




T« 


Delay from ACK* low to interrupt low 


5 






ns 




T43 


Delay from lOR* to reset interrupt 


5 






ns 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0"* C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




units 


Conditions 




lliiiii 


Typ 


Max 
















^ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 




V,L 


Input low level 


-0.5 




0.8 


V 






Input high level 


2.2 




VCC 


V 




Vol 


Output low level 






0.4 


V 


loL= 6.0 mA D7-D0 












loL= 15mA PD7- 














PDO 














\q = 6.0 mA on all 














other outputs 




Output high level 


2.4 






V 


loH= -6.0 mA D7- 














DO 














1^,= -12.0 mA 














PD7-PD0 














Ioh=-150mA 














SLCTIN*. 














INIT*,STROBE*, 














AUTOFDXT* 














loH= -6.0 mAon all 














other outputs 


'cx 


Avg. power supply current 




12 


20 


mA 




i,L 


Input leakage 






±10 


mA 


Except Pins 1-6 


I.L 


Input leakage 






-450 


mA 


Pins 1-6 @Vin=OV 


^IN 


Input pullup resistance 


12 




40 


Kn 


Pins 1-6 


'cL 


Clock leakage 






±10 


mA 





4 
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GENERAL WRITE TIMING 
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GENERAL READ TIMING 
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IDE INTERFACE WITH I/O DECODE 



ST84C72 

Printed February 23, 1994 



DESCRIPTION 



The ST84C72 is designed to replace all necessary 
TTL logics for 1 6 bit IDE interface and decode logic for 
floppy controller and serial / parallel I/O ports. A select 
pin is provided to select primary or secondary address 
for hard and floppy decodes. On board crystal oscilla- 
tor circuit provides 16, 9, and 1.8461 MHz clock 
outputs for some floppy controllers and uart from 48 
MHz external crystal connected to ST84C72. 



PLCC package 



AO Qi 

VCC [12 

A2 01 

IDEEN" [U 

FCDEN* [l5 

A7* QI 

XTAL1 Ql 

XTAL2 [le 

QND [19 

CLK16 tM 

CLK9.6 dl 
FOR* 

PCS* [» 
FCR* 

I0CS16' [M 

HBEN* \X 



m] lptv 

87] B07 

96] CLK1.S 

is] SRESET* 

54] OND 

S3] S07 

52] SOS 

sT] SOS 

so] S04 

49] S03 

48] SD2 

47] SOI 

46] 8O0 

48] lOEN 

44] VCC 



FEATURES 



• Low power CMOS design 

• Direct bus connect 

• Replacement for more than 7 TTL parts 

• High speed for new design 

• Selectable I/O decode ports. ( COM1-COM4, 
LPT1-LPT2) 

• Floppy address decode 

• Pin selectable primary and secondary address 
decodes 



ORDERING INFORMATION 



Part number 
ST84C72CJ68 



Package 

PLCC 



Operating temperature 
* C to +70 C 



ST84C72 
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Symbol 


Pin 


Signal Type 


Pin Description 


SA0-SA2 


28-30 


1 


Host address lines A0-A2 


SA3-SA9 


33-40 


1 


Host address lines A3-A9. 


SA10 


43 


1 


Host address line A10. 


SALE 


32 


1 


Host address latch enable (active high). 


SAEN* 


42 


1 


Host address enable (active low). All decoded addresses 
are valid when SAEN* is low. 


Slow* 


41 


1 


Host I/O write signal input (active low). Buffered data bus 
(BD7-BD0) are gated with SlOW*. SIOR* and I/O decoded 
addresses to insure proper valid data time slots. 


SIOR* 


40 


1 


Host I/O read signal input (active low). Buffered data bus 
(B07-BD7) are gated with SIOR*, SlOW* and I/O decoded 
addresses to insure proper valid data time slots. 


SD0-SD7 


46-53 


I/O 


Host data bus. 


SRESET* 


55 


1 


Host system reset (internally pulled up, active low). This pin 
is used to set internal clock dividers to known state. For 
normal operation this pin should be left open or connected 
toVCC. 


XTAL1 


17 




Crystal or external clock input. A crystal can be connected 
between XTAL1 and XTAL2 with some additional filters to 
generate 48 Mhz clock frequency for floppy controller and 
UART clock . This pin can be connected to VCC or GND if 
CLK16, CLK9.6 and CLK1.8 are not used. 


XTAL2 


18 


o 


Crystal output. This pin should be left open if external clock 
is used to connect to XTAL1 or clock is not used. 


LPT1* 


58 


o 


Line printer enable (active low). Primary printer enable 
signal. Decoded for address 378 Hex (LPT1). 


LPT2* 


60 





Line printer enable (active low). Secondary printer enable 
signal. Decoded for address 278 Hex (LPT2). 
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Symbol 


^iililiiiiiiiii 


Signal Type 


Pin Description 


C0M1* 


67 


o 


Serial communication select pin (active low). Decoded 
for3F8Hex(COM-1). 


COM2* 


65 


o 


Serial communication select pin (active low). Decoded 
for2F8Hex(COM-2). 


COM3* 


63 


o 


Serial communication select pin (active low). Decoded 
for3E8Hex(COM-3). 


COM4* 


61 


o 


Serial communication select pin (active low). Decoded 
for 2E8 Hex (COM-4). 


CLK1.8 


56 


o 


1 .8461 Mhz clock output generated from 48 Mhz crystal 
(crystal frequency or external clock divide by 26). This 
clock can substitute the standard 1.8432 Mhz serial 
communication clock. 


lOEN 


45 


1 


Serial and parallel port access. Connecting this pin to pin 
44 (RDOUT) of the ST16C452, ST16C552. orST16C553 
enables the BD0-BD7 to access the serial and parallel 
ports. This pin should be tied to GND if external serial/ 
parallel ports are not used. 


FDCEN* 


15 


1 


Floppy controller enable/disable (internally pulled up). 
Floppy controller select Is disabled when this pin is left 
open or connected to VCC. Floppy controller can be 
selected when this pin is connected to host SA7 pin 
(primary selection address 3F7, 3F5, 3F4 and 3F2 Hex) 
or A7* output pin of the ST84C72 (secondary selection 
address 377, 375, 374 and 372 Hex). 


FOR* 


22 


o 


Floppy controller address decode (372/3F2 Hex). 


PCS* 


23 


o 


Floppy controller address decode (377/3F7 Hex). 


FCR* 


24 


o 


Floppy controller address decode (374-5/3F4-5 Hex). 


CLK16 


20 





16 Mhz clock output generated from 48 Mhz crystal ( 
crystal frequency or external clock divided by 3). 
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Symbol 


Pin 


Signal Type 


Pin Description 


CLK9.6 


21 


o 


9.6 Mhz clock output generated from 48 Mhz crystal (crystal 
frequency or external clock divide by 5). 


I0CS16* 


25 


1 


IDE 16 bit data transfer enable (internally pulled up, active 
low). This pin enables the external 74LS245 bus driver 
(HIBEN*) when IDE port is selected and 1 6 bit data transfer 
is required. 


IDEEN* 


14 


1 


IDE Enable/Disable (internally pulled up). IDE select is 
disabled when this pin is left open or connected to VCC. IDE 
controller can be selected when this pin is connected to host 
SA7 pin (primary selection address 3F0-3F7 and 1F0-1F7 
Hex) or A7* output pin of the ST84C72 (secondary selection 
address 370-377 and 170-1 77Hex). 


IDE1* 


4 


o 


IDE drive/register select-1 (active low). When IDEEN* is 
enabled via SA7, this pin is enabled when I/O port address 
3F6 or 3F7 Hex Is accessed. When IDEEN* is enabled via 
A7* pin, IDE1 * is enabled when I/O port address 376 or 377 
Hex is accessed. 


IDEO* 


1 


o 


IDE drive/register select-0 (active low). When IDEEN* is 
enabled via SA7, this pin is enabled when I/O port address 
1 FO-1 F7 Hex is accessed. When IDEEN* is enabled via A7* 
pin, IDEO* is enabled when I/O port address 1 70-1 77 Hex is 
accessed. 


HIBEN* 


26 


o 


High order data bus enable. This pin enables the extemal 
74LS245 data buffer (host SP8-SD1 5) when IOCS16* is 
active and IDE port is selected. 


A0-A1 


11-10 


o 


Buffered host addresses AO and A1 . 


A2 


13 


o 


Buffered host address A2. 


A7* 


16 


o 


Inverted host address line SA7. This pin is used to select 
secondary IDE and floppy controller. 


BD3-BD0 


5.2.68,66 


I/O 


Buffered LSB of low order host data bus (SD0-SD3). These 
bits are set to input mode when SlOW* is low. 



4 
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Symbol 




Signal Type 


Pin Description 


BD4-BD6 


64,62,59 


I/O 


Buffered MSB of low order host data bus (SD4-SD6). These 
bits are set to input mode when SlOW* is low. 


BD7 


57 


I/O 


Buffered host data bit -7 (SD7). This bit goes to high 
impedance when address 3F7 or 1F7 Hex is accessed 
during I/O read operation. BD7 is set to input mode when 
Slow* is low. 


ALE 


9 


o 


Buffered host address latch (SALE). 


lOR* 


8 


o 


Buffered host I/O read signal (HIOR*). 


!0W* 


7 


o 


Buffered host I/O write signal (HlOW*). 


GND 


6,19.31.54 


o 


Signal and power ground. 


VCC 


3,12.27.44 


1 ■ 


Power supply inpuL 



Optional external filter. 



ST84C72CJ68 



XTAL1 XTAL2 



48 MHz 



SCI 

ropF 



!C2 
47pF 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0"* C to +70** C 

Storage temperature -40** C to +150* C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 

T^=25° C, Vcc=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




units 


Qonaitioris 






mn 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.6 


V 




^IHCK 


Clock input high level 


3.0 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iql= 6 mA 


VoH 


Output high level 


2.4 






V 


loH= -6 mA 


•cc 


Avg power supply current 






15 


mA 




Input leakage 






±10 


ma 






Clock leakage 






±10 


ma 
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STARTECH ST37C65 

Printed February 28, 1994 

FLOPPY DISK SUBSYSTEM CONTROLLER 



DESCRIPTION 



The ST37C65 Floppy Disk Subsystem Controller is an 
LSI device that provides all the needed functionality 
between the host processor and the floppy disk drive. 
This "super-chip" integrates the following functions: 
fornnatter / controller, data separation, write 
precompensation, data rate selection (to a maximum 
of 1Mbit per second), and clock generation, it also 
provides interface drivers and receivers for the floppy 
drive. 

The ST37C65 is functionally compatible pin-for-pin 
with the WD37C65C. In addition the ST37C65 Sup- 
ports a power down mode for laptop and portable 
systems. 



PLCC Package 

^ i s & I s ^ 1 1 1 1 
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D1 
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HDL* 


D2 


d 






M02'.DS4' 


D9 








MOnOSS* 


04 


5i 






DS? 


06 




ST37C65CJ44 




GND 


D6 








Dsr 


D7 










CMA 








af?c 


IRQ 










HGBf 











FEATURES 



DIP Package 



• IBM* PC AT* compatible format (single and double 
density) 

• BIOS compatible, supports dual speed spindle 
drives 

• Address mark detection circuitry (internal to floppy 
disk controller) 

• Multi-sector and multi-track transfer capability 

• Direct floppy disk drive interface (no buffers 
needed) 

• 48 mA sink output drivers 

• Automatic write pre-compensation Disable option. 
Pin selectable inner track values of 125 or 187 
nanoseconds 

• Integrated high-performance DPLL data separa- 
tor, industry standard error rates of <10E-9 

• Data rates of 125, 250, 300, 500 Kbits/second and 
1 Mbit/second 

• User programmable track stepping rate and head 
load/unload times 

• Supports four floppy drives 



ORDERING INFORMATION 



Part number 

ST37C65CJ44 

ST37C65CP40 



Package Operating temperature 
PLCC 0° C to + 70* C 

Plastic-Dip 0° C to + 70** C 
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D7 








WD* 


DMA 


E 
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WE* 


IRQ 


E 
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Symbol 




Signal Type 


Pilt Description 


RD* 


1 


1 


Read signal (active low). Control signal for transfer of data 
or status onto the data bus by the ST37C65. 


WR* 


2 


1 


Write signal (active low). Control signal for latching data 
from the bus into the ST37C65 buffer register. 


CS* 


3 


1 


Chip select (active low). Selected when low allowing RD*or 
WR* operation from the host. 


AO 


4 


1 


Address line 1 . Address line selecting data or status infor- 
mation. 


DACK* 


5 


1 


DMAACKNOWLEDGE (active low). Used by DMA control- 
lerto transfer data from the ST37C65 onto the bus. AT/EISA 
mode, this signal is qualified by DMAEN from the Operation 
Register. 


TC 


6 


1 


Terminal Count (active high). This signal indicates to 
ST37C65 that data transfer is complete. If DMA operation 
mode is selected for command execution, TC will be 
qualified by DACK*, but not in the programmed I/O execu- 
tion. In AT/EISA or Special mode, qualification by DACK* 
requires the Operation Register signal DMAEN to be logi- 
cally true. Note also AT/EISA mode, TC will be qualified by 
DACK*, whether in DMA or non-DMA host operation. Pro- 
grammed I/O in AT/EISA mode will cause an abnormal 
termination error at the completion of a command. 


DB0-DB7 


7-14 


I/O 


Data bus. 8 bit, bi-directional, three state, data bus. DBO id 
the least significant bit and DB7 is the most significant bit. 


DMA 


15 


o 


Direct Memory Access (three state, active high). DMA 
request for byte transfers of data. In Special or AT/EISA 
mode, this pin is three stated, enabled by the DMAEN signal 
from the Operation Register. This pin Is driven in the Base 
mode. 


IRQ 


16 





Interrupt (three state, active high). Intenrupt request indicat- 
ing the completion of command execution or data transfer 
requests (in non-DMA mode). Normally driven In Base 
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Pin 


Signal Type 


Pin Descrlptron 








mode. In Special AT/EISA mode, this pin is three stated, 
enabled by DMAEN signal from the Operation Register. 


DCHGEN* 


17 


1 


Disk Change Enable (active low). This input must be at logic 
"0" to enable DCHC input status at pin 40 to be placed on 
bit-7 of the data bus during RD* of LDCR*. It has internal 
pull-up. 


LDOR* 


18 


1 


Load Operations Register (active low). Address decode 
which enables the loading of the Operation Register. Inter- 
nally gated with WR* creates the strobe which latches the 
data bus into the Operations Register. 


LDCR* 


19 


1 


Load Control Register (active low). Address decode which 
enablesloading of the Control Register. Internally gated 
with WR* create the strobe which latches the two LSBs from 
the data bus into the Control Register. 


RST 


20 


1 


Reset (active high). Resets controller, placing 
microsequencerin idle. Resets device outputs. Puts device 
in Base mode, not PC AT or Special mode. 


RDD* 


21 


1 


Read Disk Data. This is the raw serial bit stream from the 
disk drive. Each falling edge of the pulses represents a flux 
transition of encoded data. 


*CLK2 


21 


1 


Clock-2. TTL level clock input used for non-standard data 
rates; is 9.6 MHz for 300 kb/s, and can only beselected from 
the Control Register. 


XTAL20 


22 


o 


Crystal oscillator drive output. A crystal oscillator is con- 
nected from this pin to XTAL2i pin. This pin should be left 
floating if TTL inputs used at pin XTAL2i. 


XTAL2i 


23 


1 


Crystal oscillator or External clock input pin. Used for non- 
standard data rates. 


DRV 


24 


1 


Drive Type. This input indicates to the device that a two 
speed spindle motor is used if logic is "O". In that case, the 
second clock input will never be selected and must be 
grounded. 
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Signal Type 


Pin Description 


*CLK1 


23 


1 


Clockl . TTL level clock input is used to generate all internal 
timing for standard data rates. Frequency nnust be 16 MHz 
±0.1 % or 32 MHz±0.1 %, and may have 40/60 or 60/40 duty 
cycle. 


XTALI0 


25 





Crystal oscillator drive output. A crystal oscillator Is con- 
nected from this pin to XTAL1 i pin. This pin should be left 
floating if TTL inputs used at pin XTALI1. 


XTAL1I 


26 


1 


Crystal oscillator or External clock input pin. Requires 16 
MHz or 32 MHz crystal. This oscillator is used for all 
standard data rates, and may be driven with TTL level 
signal. 


PCVAL 


27 


1 


Pre-Compensation Value. This pin determines the amount 
of write pre-compensation used on the inner tracks of the 
diskette. Logic "1" = 125 ns, logic "0" = 187 ns. If the data 
defeat option is used, PCVAL is unimportant and pre- 
compensation is disabled. 


HS* 


28 





Head Select (active low). High current driver (HCD) output 
selects the head (side) of the floppy disk that is being read 
or written. Logic "1" = side 0. 


WE* 


29 





Write Enable (active low). The output becomes true, just 
prior to writing on the diskette. This allows cunrent to flow 
through the write head. 


WD* 


30 





Write Data. Each falling edge of the encoded data pulse 
stream causes a flux transition on the media. 


DIRC* 


31 





Direction (active low). DIRC*deten7iines the direction of the 
head stepper motor. Logic "1" = outward motion. 


STEP* 


32 





Step Pulse (active low). STEP* output issues an active low 
pulse for each track to track movement of the hrad. 


DS1* 


33 





Drive Select-1 (active low). It enables the interface to this 
disk drive. This signal comes from the Operation Register. 
In Base mode, or Special mode, this output is#1 of the four 
decoded Unit Selects, as specified in the device command 
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Pin Description 








syntax. 


GND 


34 





Supply ground. 


DS2* 


35 


o 


Drive Select-2 (active low). It enables the interface to this 
disk drive. This signal comes from the Operation Register. 
In Base mode, or Special mode, this output is #2 of the four 
decoded Unit Selects, as specified in the device command 
syntax. 


M01*,DS3* 


36 





Motor On enable for disk drive #1 (active low). This signal 
comes from the Operation Register. In Base mode, or 
Special mode, this output is #3 of the four decoded Unit 
Selects, as specified in the device command syntax. 


M02*, DS4* 


37 


o 


Motor On enable for disk drive #2 (active low). This signal 
comes from the Operation Register. In Base mode, or 
Special mode, this output is #4 of the four decoded Unit 
Selects, as specified in the device command syntax. 


HDL* 


38 


o 


Head Load (active low). When HDL* is low, causes the head 
to be loaded againt the media in the selected drive. 


RWC*. RPM* 


39 


o 


Readuced Write Current / Revolutions Per Minute (active 
low). When low, causes a Reduced Write Current when bit 
density is increased toward the inner tracks, becoming 
active when tracks >28 are accessed. This condition is valid 
for Base or Special mode, and is indicative of when write 
pre-compensation is necessary. In the AT/EISA mode, this 
signal will be active when CR0=1 . 


DCHG* 


40 


1 


Disk Change (active low). This input senses status from the 
drive. Active low indicates that drive door is open or that the 
diskette has possibly changed since the last drive selection. 
It has interhal pull-up. 


WP* 


41 


1 


Write Protected (active low). This input senses status from 
disk drive, indicating active low when a diskette is Write 
Protected. 


TROO* 


\ 42: ' 




Track Zero (active low). This input senses status from disk 
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drive, indicating active low when the head is positioned over 
the outernnost track, Tracic 00. 


IDX* 


43 


1 


Index (active low) This input senses status from disk drive, 
indicating active low when the head is positioned over the 
begining of a track marked by an index hole. 


VCC 


44 


1 


Positive supply input. 



* 40 Pin package only 



FUNCTIONAL DESCRIPTION 

ST37C65 includes data separation designed to ad- 
dress high performance enror rate on floppy disk 
drives. It contains all the necessary Logic to achieve 
classical 2nd order, type 2, phase locked-loop perfor- 
mance. Write pre-compensation is included, in addi- 
tion to the usual formatting, encoding/decoding, step- 
per motor control, and status sensing functions. All 
inputsare TTL compatible Schmitt Trigger line receiv- 
ers, and outputs are high current, open drain, with 48 
mA drivers which meet the ANSI specification. 

The host interface supports an 8 or 12 MHz, 286 
microprocessor bus without the use of wait states. The 
inputs are Schmitt Triggers. Output drive capability is 
20 LS-TTL loads, allowing direct interconnection to 
bus structures without the use of buffers or transceiv- 
ers. For PC, PC AT and EISA applications, qualifica- 
tion of intenrupt request and DMA request is provided. 

Traditionally, data rate selection, drive selection, and 
stepper motor control have been output ports of the 
host processor architecture. In the ST37C65, these 
functions are latched into registers addressed within 
the I/O mapping of the system. The ST37C65 has 
eight internal registers. The eight bit main status 
register contains status information about the 



ST37C65 and may be accessed any time. Another 
four status registers under system control also give 
various status and error information. The. Control 
Register provides support logic that latches the two 
LSBs used to select the desired data rate that controls 
internal clock generation. The Operations Register 
replaces the standard latched port used in floppy 
subsystems. These registers are incorporated into the 
ST37C65. 

CLOCK GENERATION 

SCLK - Sampling Clock, WCLK- Write Clock, and 
MCLK - Master Clock, are included in the ST37C65. 
XTAL oscillator circuits provide the necessary signals 
for internal liming when using the 44 pin PLCC. If the 
40 pin DIP Is used, the TTL level clock Inputs must be 
provided. There are two oscillator inputs to the 
ST37C65. The first at 32 MHz that handles all stan- 
dard data rates (1 Mb/sec, 500, 250, and 1 25 kb/sec or 
16 MHz to handle 500, 250, and 125 Kb/sec). The 
second oscillator is at 9.6 MHz to support the 300 kb/ 
sec data rate used in PC AT designs. 
Some AT compatibles use two-speed disk drives. If a 
two speed disk drive is used, the DRV input should be 
grounded along with the CLK2 input. 
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ARCHITECTURE 

The ST37C65 Floppy Disk Subsystem Controller is an 
LSI device that provides all the needed functionality 
between the host processor and the floppy disk drive. 
This "super-chip" integrates fornnatter/controller, data 
separation, write precompensation, data rate selec- 
tion, clock generation, drive interface drivers and 
receivers. 

HOST INTERFACE 

The host interface is the Host Microprocessor Periph- 
eral Bus. This bus is composed of eight control signals 
and eight data signals. In the Special or AT/EISA 
modes IRQ and DMA request are three-stated and 
qualified by DMA enable which is provided by the 
Operations Register. The data bus, DMA, and IRQ 
outputs are designed to handle 20 LS-TTL loading. 
Inputs are Schmitt Trigger receivers and can be 
hooked up to a bus or back plane without any addi- 
tional buffering. 

During the Command or Result phases, the Main 
Status Register must be read by the processor before 
each byte of information is written into or read from the 
Data Register. After each byte of data is read from or 
written into the Data Register, the CPU waits for 1 2)as 
before reading the Main Status Register. Bits D6 and 
D7 in the Main Status Register must be in a and 1 
state, respectively, before each byte of The command 
word may be written into the ST37C65. Many of the 
commands require multiple bytes. As a result, the 
Main Status Register must be read prior to each byte 
transferto the ST37C65. During the Result phase, Bits 
D6 and D7 in the Main Status Register must both be 
1's (D6=1 and D7=1) before reading each byte from 
the Data Register. 

Note that this reading of the Main Status Register 
before each byte transfer to the ST37C65 is required 
only in the Command and Result phases, and not 
during the Execution phase. Note also that DB6 and 
DB7 in the MSR can be polled instead of waiting 12|is. 

During the Execution phase, the Main Status Register 
need not be read. If the ST37C65 is in the non-DMA 
Mode, then the receipt of each data byte (ST37C65 is 
reading datafromtheFDD)isindicated by aninterrupt 
signal on pin 16 (IRQ=1). The generation of a Read 
signal (RD*=0) clears the interrupt and sends the data 



onto the data bus. If the processor cannot handle 
interrupts fast enough (every 1 3^s for the MFM mode 
and 27[xs for the FM mode), then it may poll the Main 
Status Register and bit D7 (RQM) functions as the 
Interrupt signal. If a Write Command is in process then 
the WR* signal performs the reset to the Interrupt 
signal. 

All timings mentioned above double for mini floppy 
data rates. 

Note that in the non-DMA mode it is necessary to 
examine the Main Status Register to determine the 
cause of the interrupt since it could be a data intenrupt 
or a command termination interrupt, either normal or 
abnormal. If the ST37C65 is in the DMA mode, no 
interrupt signals are generated during the Execution 
phase. The ST37C65 generates DMA's (DMA Re- 
quests) when each byte of data is available The DMA 
Controller responds to this request with both DACK*= 
(DMA Acknowledge) and an RD*=0 (Read signal). 
When the DMA Acknowledge signal goes low 
(DACK*= 0), the DMA Request is cleared DMA= 0) If 
a Write Command has been issued, then a WR* signal 
will appear instead of RD*. After the Execution phase 
has been completed (Terminal Count has occurred) 
The EOT sector read/written, then an Interrupt will 
occur (IRQ=1) this signifies the begining of the result 
phase. When the first byte of data is read during the 
Result phase, the interrupt is automatically cleared 
(IRQ=0). Note that in PC AT usage, non-DMA Host 
transfers are not the normal procedure. If the user 
chooses to do so, the ST37C65 will successfully 
complete commands, but will at ways give abnormal 
termination error status since TC is qualified by an 
inactive DACK*. The RD* or WD* signals should be 
asserted while DACK* is true The CS* signal is used 
in conjunction with RD* and WR* as gating function 
during programmed I/O operations. CS* has no effect 
during DMA operations. It the non-DMA mode Is 
chosen, the DACK signal should be pulled up to VCC. 

Note that during the Result phase all bytes shown in 
the Command Table must be read. 
The Read Data Command, for example has several 
bytes ofdata ihthe Result phases All seven bytes must 
be read in order to successfully complete the Read 
Data command. The ST37C6S will not accept a new 
command until all sieven bytes have been read. Other 
commands may require fewer bytes to be read during 
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the Result phase. The ST37C65 contains five Status 
Registers. The Main Status Register mentioned may 
be read by the processor at any time. The other four 
Status Registers (STO, ST1 , ST2, and ST3) are avail- 
able only during the Result phase and may be read 
only after completing a command. The particular 
command that has been executed determines how 
many of the Status Registers will be read. 

The bytes of data which are sent to the ST37C65 to 
form the command phase, and are read out of the 
ST37C65 in the result phase, must occur in the order 
shown in the Command table. The command code 
must be sent first and the other bytes sent in the 
prescribed sequence. No foreshortening of the Com- 
mand or Result phases is allowed. After the last byte 
of data in the command phase is sent to the ST37C65, 
the Execution phase automatically starts. In a similar 
fashion, when the last byte of data is read out in the 
result phase, the command is automatically ended 
and the ST37C65 is ready for a new command. 

CONTROL REGISTER 

The Control Register is a write only register that is 
used to set the data transfer rate and disable write pre- 
compensation. It provides support logic that latches 



the two LSBs of the data bus upon receiving LDCR* 
and WR*. CS* should not be active when this hap- 
pens. These bits are used to select the desired data 
rate, which in tum controls the intemal clock genera- 
tion. Clock switch over is internally "deglitched", allow- 
ing continuous operation after changing data rates. If 
the Control Register is not used, the data rate is 
govemed by the supplied clock or crystal. The fre- 
quency must be 64 times the desired MFM data rate. 
This implies a maximum data rate of 250 kb/s for a 
frequency of 16 MHz or a maximum data rate of 500 
kb/s for a frequency of 32 MHz, unless the Control 
Register is used. Switching of this clock must be 
"glitchess" or the device will need to be reset. Table 1 
and Table 2 present the Control Registerconfiguration 
for 16 MHz and 32 MHz frequencies, respectively. 

ST37C65 optionally supports 1 50 kbits FM data trans- 
fer rate. The Control Register configuration is shown 
in Table 3. The 150 kb/s data rate can be selected by 
using a 9.6 MHz XTAL or TTL level clock input on pin 
26 (44-pin PLCC) or pin 23 (40-pin DIP). Only two data 
transfer rates can be selected with this configuration 
1 50 kb/s FM and 300 kb/s MFM. 



TABLE 1. CONTROL REGISTER CONFIGURATION 16 MHz 



CR1 


CRD 


DRV 


DATA RATE 


COMMENTS 


RPM (AT/EISA mode) 








X 


500 k 


MFM 


1 








X 


250 k 


FM 


1 





1 





250 k 


MFM 








1 


1 


300 k 


MFM ( 9.6 MHz ) 





1 





X 


250 k 


MFM, RST Default 


1 


1 





X 


125 k 


FM, RST Default 


1 


1 


1 


X 


125 k 


FM 
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TABLE 2. CONTROL REGISTER CONFIGURATION 32 MHz 



CR1 


CRO 


DRV 


DATA RATE 


COMMENTS 


RPM (AT/EISA mode) 








X 


1 M 


MFM 


1 








X 


500 k 


FM 


1 





1 





500 k 


MFM 








1 


1 


300 k 


MFM (9.6 MHz) 





1 





X 


500 k 


MFM, RST Default 


1 


1 





X 


250 k 


FM, RST Default 


1 


1 


1 


X 


250 k 


FM 






TABLE 2. CONTROL REGISTER CONFIGURATION - OPTIONS 



CR1 


CRO 


DRV 


DATA RATE 




RPM (AT/EISA mode) 








X 


300 k 


MFM 


1 








X 


150 k 


FM 


1 



In AT/EISA mode, write pre-compensation can be disabled by a logic high on bit-2 of the Control Register, 
(see table 4.) 



TABLE 4. CONTROL REGISTER CONFIGURATION - AT/EISA MODE 



BIT 


SIGNAL NAME AND FUNCTION 


RESET 


CLOCK QUALIFIER 





Data rate 





None 


1 


Data rate 





None 


2 


No Write Pre-compensation 





None 


3-7 


Reserved 


None 


None 



MASTER STATUS REGISTER 

The Master Status Register is an eight-bit, read/write 
register that contains the status information of the 
FDC. It can be accessed at any time. The ST37C65 
provides a write only register, called Master Status 
Register 1 (MSR1) which is used only to select power 
down mode. In power down mode the XTAL oscillator, 
controller circuitry and all linear circuitry are turned off 
so that the controller draws very low current. Normal 
operation is restored by asserting reset to the 
ST37C65 (see Master Status Register 1). 



Only the Master Status Register may be read and used 
to facilitate the transfer of data between the processor 
and ST37C65. The DIO and RQM bits in the Master 
Status Register indicate when data Is ready and In 
which direction data will be transferred on the data 
bus. Thb maximum time between the last RD*or WR* 
during a Command or Result phase and the setting of 
DIG and RQM Is 12)xs if 500 kb/s MFM data rsite is 
selected. (If 250 kb/s MFM is selected, the delay is 
24|xs. If 1 Mb/s Is selected, the delay is 6^is.) For this 
reason, everytime the Master Status Register is read, 
the CPU should wait 12|xs. The maximum time from 
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the trailing edge of the last RD* in the result phase to 
when DB4 (FDC busy) goes low is M\xs. 

MASTER STATUS REGISTER 1 

(MSR1 - Write Only) 

The ST37C65 will enter power down mode, when bit 
of MSR1 is set to logical "1" and the following condi- 
tions are met: 

1 .The RST pin to the FDC is inactive. 

2.Bit 2 in the Operations Register is "SRST= 1". 



3.The ST37C65 is a waiting a command from the host 

The ST37C65 can also be programmed with extemal 
logic to automatically enter power down mode a few 
msec, after the beginning of idle mode. 

Normal operation is restored when the RST pin to the 
FDC is active and the FDC is reset. This in tum resets 
bit of MSR1 register to logic 0. 



TABLE 5. AT/EISA MODE. MASTER STATUS REGISTER 1 CONFIGURATION 



BIT 


SIGNAL NAME AND FUNCTION 


RESET 


CLOCK QUALIFIER 




1-7 


Power down mode (RDM) 
Reserved 




None 


None 
None 



TABLE 6. MASTER STATUS REGISTER BITS 



BIT 


NAME 


SYMBOL 


DESCRIPTION 


DO 


FDD busy 


DOB 


FDD number is in the Seek Mode. If any of the bits is set, 
FDC will not accept READ or WRITE command. 


D1 


FDD 1 busy 


D1B 


FDD number is 1 in the Seek Mode. If any of the bits is set, 
FDC will not accept READ or WRITE command. 


D2 


FDD 2 busy 


D2B 


FDD number is 2 in the Seek Mode. If any of the bits is set, 
FDC will not accept READ or WRITE command. 


D3 


FDD 3 busy 


D3B 


FDD number is 3 in the Seek Mode. If any of the bits is set, 
FDC will not accept READ or WRITE command. 


D4 


FDC busy 


CB 


A READ or WRITE command is in progress. FDC will not 
accept any other command. 


D5 


Execution mode 


EXM 


This bit is set only during execution phase in non-DMA mode. 
When D5 goes low Execution phase has ended and Results 
Phase has started. It operates only during non-DMA mode of 
operation. 
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BIT 


NAME 


SYMBOL 


DESCRIPTION 


D6 


Data input 


DIO 


Indicates direction of data transfer between FDC and Data 
Register. If DIO = 1, then transfer is from Data Register to the 
processor. If DIO = 0, then transfer is from the processor to 
Data Register. 


D7 


Request for Master 


RQM 


Indicates Data Register is ready to send or receive data to or 
from the processor. Both bits DIO and RQM should be used 
to perform the handshaking function of "ready" and "direction" 
to the processor. 


TABLE 7. STATUS REGISTER BITS 


BIT 


NAME 


SYMBOL 


DESCRIPTION 


DO 


Unit select 


uso 


This flag is used to indicate a Drive Unit Number at interrupt. 


D1 


Unit select 1 


US1 


This flag is used to indicate a Drive Unit Number at interrupt. 


D2 


Head select 


HS 


This flag is used to indicate the state of the head at interrupt. 


D3 


Not ready 


NR 


Since drive Ready is always presumed true, this will always 
be a logic "0" (low). 


D4 


Equipment check 


EC 


If the Track "0" signal fails to occur after 77 step pulses per 
Recalibrate Command, then this flag is set. 


D5 


Seek end 


SE 


When the FDC completes the SEEK command, this flag is set 
to "1" (high). 


D6 


Interrupt code 


IC 


See D7. 


D7 


Interrupt code 


IC 


D7 = 1 and D6 = 0, invalid command issue. Command which 
was issued was never started.D7 = and D6 = 0, normal 
termination of command was completed and properly ex- 
ecuted. D7 = and D6 = 1, abnormal termination of com- 
mand, (AT). Execution of command was started but was not 
successfully completed. 
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TABLE 8, STATUS REGISTER 1 BITS 



BIT 


NAME 


SYMBOL 


DESCRIPTION 


DO 


Missing address mark 


MA 


If the FDC cannot detect the ID Address Mark after encoun- 
tering the index hole twice, then this flag is set. If the FDC 
cannot detect the Data Address Mark or Deleted Data Ad- 
dress Mark, this flag is set. At the same time the MD (Missing 
Address Mark in data field) of Status Register 2 is set. 


D1 


Not writeable 


NW 


During execution of Write Data, Write Deleted Data or 
Format a Track commands, if the FDC detectes a WP* signal 
from the FDD, then this flag is set. 


D2 


No data 


ND 


During execution of Read Data, Write Deleted Data, or Scan 
command, if the FDC cannot find the sector specified in the 
IDR (Internal Data Register), this flag is set. During execution 
of the Read ID command, if the FDC cannot read the ID field 
without an enror, then this flag is set. During execution of the 
Read a Track command, if the starting sector cannot be 
Touna, men inis iiag is sei. 


D3 


Not used 




This bit is always set to "0". 


D4 


Overrun 


OR 


If the FDC is set not serviced by the host system during data 
transfers within a certain time interval, this flag is set. 


D5 


Data error 


DE 


When the FDC detects a CRC (Cyclic Redundancy Check) 
error in either the ID field or the data field, this flag is set. 


D6 


Not used 




This bit is always set to "0". 


D7 


End od cylinder 


EN 


When the FDC tries to access a sector beyond the final sector 
of a cylinder, this flag is set. 
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TABLE 9. STATUS REGISTER 2 BITS 



BIT 


NAME 


SYMBOL 


DESCRIPTION 


DO 


Missing address 


MD 


Missing address mark in data field. When data is read from 
the medium, if FDC cannot find a Data Address Mark of 
Deleted Data Address Mark, then this flag is set. 


D1 


Bad cylinder 


BC 


This bit is related to the ND bit, and when the contents of C 
on the medium is different from that stored in the IDR and the 
contents of C is FF, then this flag is set. 


02 


Scan not 


SN 


During execution of the SCAN command, if the FDC cannot 
find a sector on the cylinder which meets the condition, then 
this flag Is set. 


D3 


Scan equal 


SH 


During execution of the SCAN command, if the condition of 
"equal" is satisfied, this flag is set. 


D4 


Wrong cylinder 


WC 


This bit is related to the ND bit, and when contents of cylinder 
on the medium is different from that stored in the IDR, this flag 
is set. 


D5 


Data error 


DD 


If the FDC detects a CRC error in the data field, then this flag 
is set. 


D6 


Control mark 


CM 


During execution of the Read Data or Scan Command, if the 
FDC encounters a sector which contains a Deleted Data 
Address Mark, this flag is set. 


D7 


Not used 




This bit is always set to "0". 
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TABLE 10. STATUS REGISTER 3 BITS 



BIT 


NAME 


SYMBOL 


DESCRIPTION 


DO 


Unit select 2 


uso 


This bit is used to indicate the status of the Unit Select signal 
to the FDD. 


D1 


Unit select 1 


US1 


This bit is used to indicate the status of the Unit Select 1 signal 
to the FDD. 


D2 


Head select 


HS 


This bit is used to indicate the status of the Side Select signal 
to the FDD. 


D3 


Write protected 


WP* 


This bit is used by the ST37C65 to indicate the status of the 
Write Protected (WP*) signal from FDD. 


D4 


Track 


TO 


This bit is used to indicated the status of the Track signal 
from the FDD. 


D5 


Ready 


RY 


This bit will always be a logic "V. Drive is presumed to be 
ready. 


D6 


Write protected 


WP* 


This bit is used to indicate the status of the Write Protected 
(WP*) signal from FDD. 


D7 


Not used 




This bit is always set to "0". 



DATA REGISTER 

The eight-bit Data Register stores data, commands, 
parameters, and FDD status information. Data bytes 
are read out AO, or written into, the Data Register in 
order to program or obtain the results after a particular 



command.The relationship between the Master Sta- 
tus Register and the Data Register and the signals 
RD*, WR*, and AO are shown in Table 11. 



Table 11. MASTER STATUS AND DATA REGISTER 



AO 


RD* 


WR* 


FUNCTION 








1 


Read Main Status Register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 





Write into Data Register 
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OPERATIONS REGISTER 

The Operations Register provides support logic that 
latches the data bus upon receiving LDOR* and WR*. 
CS* should not be active when this happens. The 



Operations Register replaces the typical latched port 
found in floppy subsystems used to control disk drive 
spindle motors and to selected the desired disk drive. 
Table 12 represents the Operations Register. 



TABLE 12. OPERATIONS REGISTER 



ORO 


DSEL 


Drive Select, if low and MOEN1 = 1 , then DS1 * is active. If high and MOEN2 = 1 , then 
DS2* is active, but only in the AT/IEISA mode. 


OR1 


(X) 


This must be a logic for DS1* and DS2* to become active. 


0R2 


SRST* 


Soft reset, active low. 


OR3 


DMAEN 


DMA enable, active in Special and AT/EISA modes. Qualifies DMA and IRQ outputs 
and DACK* input. 


OR4 


MOEN1 


Motor On enable, inverted output M01* Is active only in AT/IEISA mode. 


OR5 


MOEN2 


Motor On enable, inverted output M02* Is active only in AT/EISA mode. 


OR6 


(X) 


Has no defined function. A spare. 


OR7 


(MSEL) 


Mode Select. During a soft reset condition, may be used to select between Special mode 
(1) and AT/IEISA mode (0). 



BASE, SPECIAL, AND AT/EISA MODES 

Base, Special, PC AT and EISA modes allow subtle 
differences which the user may find desirable. The 
Control Register may be used in any mode without 
altering functionality. 

Base Mode 

After a hardware reset, RST active, the ST37C65 will 
be held in soft reset, SRST* active, with the normally 
driven signals, DMA request and IRQ request outputs 
three-stated. Base mode may be initiated at this time 
by a chip access by the host. Although this may be any 
read or write, it is strongly recommended that the Base 
mode user's first chip access be a read of the Master 
Status Register. Once Base mode is entered, the soft 
reset is released, and IRQ and DMA are driven. Base 
mode prohibits the use of the Operations Register, 



hence there can be no qualifying DMAEN and no soft 
resets. The Drive Select outputs, DS1*to DS4*, offer 
a 1 of 4 decoding of the Unit Select bits resident in the 
command structure. Pin RWC* represents Reduce 
Write Current and is indicative of when write pre- 
compensation is necessary. 

Special Mode 

Special mode allows use of the Operations Register 
for the DMAEN signal as a qualifier and to do a 
software driven device reset, SRST*. To enter Special 
mode, the Operations Register is loaded with (1X 
X X X), setting mode Select to a logic 1 disabling 
M0EN1 and MOEN2 and causing SRST* to be active. 
Then a read of the Control Register address, LDCR* 
and places the device In Special mode. The DS1* 
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through DS4* is again offered in this mode, as is 
RWC*. 

AT/EISA Modes 

For AT/EISA compatibility, users write to the Opera- 
tions Register, LDOR* and WR*; this action, per- 
formed after a hardware reset, or in the Base mode, 
initiates AT/EISA mode. AT/EISA mode can also be 
entered from Special mode by loading the Operations 
Register with (0X0 0X0 XX), setting Mode Select to 
a logic 0, disabling MOEN1 and MOEN2, and causing 
SRST* to be active. Then a read of the Control 
Register address sets the device into AT/EISA mode. 
The DS* outputs are replaced with the DSEL and 
MOEN signals buffered from the Operations Register. 
DMAEN and SRST* are supported and compatible 
with the cunrent BIOS. RWC* pin function is nowRPM* 
so that users with two-speed drives may reduce 
spindle speed from a nominal 360 revolutions per 
minute to 300 revolutions per minute when active low. 
It can also be used to reduce write current when a 
slower data rate is selected for a given drive. 



FIGURE 4. 



DRIVE SELECT POLLING TIMING 




DS4* 



POLLING ROUTINE 

After any reset the ST37C65, (a hard RST or soft 
SRST*), will automatically go into a Polling routine. 
In between commands (and between step pulses in 
the SEEK Command), the ST37C65 polls all four 
FDDs looking for a change in the Ready line from any 
of the drives. Since the drive is always presumed 
Ready, an interrupt will only be generated following a 
reset. This occurs because a reset forces Not Ready 
status, which then promptly becomes Ready. Note 
that in Special, AT/EISA modes, if DMAEN is not valid 
1ms after reset goes inactive, then IRQ may be 
already set and pending when finally enabled onto the 
bus. The polling of the Ready line by the ST37C65 
occurs continuously between Each drive is polled 
every 1 .024ms, except during the READAA/RITE 
commands. For mini- floppies, the polling rate is 
2.048ms. The drive polling sequence is 1-2-4-3. Note 
that in the AT/EISA mode, the user will not see the 
polling at the Drive Select signals. Figure 4 illustrates 
the Drive Select Polling Timing. 
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DEVICE RESETS 

The ST37C65 supports both hardware reset (RST pin 
19) and a software reset (SRST*) through use of the 
Operations Register. The RST pin will cause a device 
reset for the active duration. RST causes a default to 
Base mode, and selects 250kb MFM (or 125kb FM 
code dependent) as the data rate (1 6 MHz input clock) 
The default data rate for a 32 MHz input clock is SOOkb 
MFM. SRST* will reset the micro controller as did the 
RST, but will not affect the current data rate selection 
or the mode RST, when active, will disable the current 
driver outputs to the disk drive. RST and SRST* will 
not affect the values set for the internal timers HUT, 
HTL, and SRT. 

If the XTAL oscillators are used, instead of the TTL 
driven clock inputs, the hardware RST active time 
requirement will be extended. The oscillator circuit is 
designed so that RST will bootstrap the circuit into 
guaranteed oscillation in a fixed amount of time. The 
extended reset time allows the growth of the oscilla- 
tion to produce stable internal clock timing. 

DATA SEPARATOR 

The Data Separator is a WD92C32 Digital Phase Lock 
Loop Floppy Disk Data Separator (DPLL). It was 
designed to address high performance error rates on 
floppy disk drives, and to provide superior perfor- 
mance in terms of available bit jitter tolerance. It 
contains the necessary logic to achieve classical 2nd 
order, type 2, phase locked loop performance. Figure 
1 illustrates the WD92C32 used as the Data Separator 
in the ST37C65 system. The bit jitter tolerance forthe 
data separator is 60%, which guarantees an error rate 
of<10E-9. 

WRITE PRE-COMPENSATION 

The ST37C65 maintains the standard first level algo- 
rithm to determine when write pre compensation 
should be applied. The EARLY and LATE signals are 
used internally to select the appropriate delay in the 
write data pulse stream. The encoded WRITE DATA 
signal is synchronized to the 1 6 MHz or 32 MHz clock 
if this is the frequency on CLK1 pin (23), and clocked 
through a shift register. Signals EARLY, NOM, and 
LATE determine the amount of delay through the shift 
register before a multiplexed gates the chosen bit to 
the output. The output data pulse width has a 25% duty 



cycle, i.e., one fourth of the bit cell period, and equal 
to one half the WCLK period. 

When PCVAL pin (24)=1 , all data will be pre-com pen- 
sated by ±1 25ns, regardless of track number and data 
rate. However, this is only for MFM encoding. There is 
no write pre-compensation for FM. If PCVAL = 0, and 
if a track inside number 28 is accessed, then ±1 87ns 
pre-compensation will be generated. For frequencies 
otherthen 16MHzor32MHzontheCLK1 pin, the pre- 
compensation values will be two and three clock 
cycles respectively. When the non-standard 300 kb/ 
s data rate using CLK2 is chosen, the MFM pre- 
compensation will always be two clock cycles For 9.6 
MHz, this is ±208ns. In this case, the PCVAL function 
is disabled. Write pre-compensation can be disabled 
by bit-2 of the Control Register for the AT/EISA. The 
PCVAL input to ST37C65 is ignored if there isno write 
pre-compensation. 

CLOCK GENERATION 

This logical block provides all the clocks needed by 
the ST37C65. They are: Sampling Clock (SCLK), 
Write Clock (WCLK), and the Master Clock (MCLK). 
SCLK drives the WD92C32 Data Separator used 
during data recovery. This clock's frequency is always 
32 times the selected data rate. 

WCLK is used by the encoder logic to place MFM or 
FM on the serial WD-stream to the disk. WCLK always 
has a frequency two times the selected data rate. 

MCLK is used by microsequencer. MCLK and MCLK* 
clock all latches in a two-phase scheme. One micro- 
instruction cycle is four MCLK cycles. MCLK has a 
frequency equal to eight times the selected MFM data 
rate or 16 times the FM data rate. Table 13 presents 
the Clock Data Rate. 

In power down mode the XTAL oscillator and the clok 
circuitry are turned off. 
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TABLE 13. CLOCK DATA RATE 



DATA RATE 


CODE 




MCLK 


WCLK 


1Mb/s 


MFM 


32.0 MHz 


8.0 MHz 


2.0 MHz 


500kb/s 


MFM 


16.0 MHz 


4.0 MHz 


1.0 MHz 


500 kb/s 


FM 


16.0 MHz 


8.0 MHz 


1.0 MHz 


250 kb/s 


FM 


8.0 MHz 


4.0 MHz 


500 kHz 


250 kb/s 


MFM 


8.0 MHz 


2.0 MHz 


500 kHz 


125 kb/s 


FM 


4.0 MHz 


2.0 MHz 


250 kHz 


300 kb/s 


MFM 


9.6 MHz 


2.4 MHz 


600 kHz 



COMMAND PARAMETERS 

The ST37C65 is capable of performing 15 different 
commands. Each command is initiated by a multibyte 
transfer from the processor. The results after execu- 
tion of the command may also be a multibyte transfer 
back to the processor. The commands consist of three 
phases: Command phase, Execution phase, and the 
Result phase. 

• Command phase 

The Floppy Disk Controller (FDC) receives all 
information required to perform a particular opera- 
tion from the processor. 

o Execution phase 

The FDC perfomris the operation it was instructed 
to do. 



TABLE 14. ST37C65 COMMANDS 

Read Data 
Read Deleted Data 
Write Data 
Write Deleted Data 
Read a Track 
Read ID 
Format a Track 
Scan Equal 
Scan Low or Equal 
Scan High or Equal 
Recalibrate 
Sense Intenrupt Status 
Specify 

Sense Drive Status 
Seek 



Result phase 

After completion of the operation, status and other 
housekeeping information are made available to 
the processor. 



Table 14 lists the 15 ST37C65 commands. 
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TABLE 15. READ DATA 



PHASE 


Rl\N 


^ilii 


D6 


D5 


D4 




Da 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


W 


MT 


MF 


SK 










1 


1 


Command code. 




w 


X 


X 


X 


X 




X 


HS 


US1 uso 






w 










c 








Sector ID Infomfiatlom prior to 






















command execution. The four 






















bytes are compared against 






















header on floppy disk. 




w 










H 












w 










R 












w 










N 












w 










EOT 












w 










GPL 












w 










DTL 










EXECUTION 




















Data transfer between FDD and 






















main system. 


RESULTS 


R 










STO 








status information after com- 






















mand execution. 




R 










ST1 












R 










ST2 












R 










C 








Sector ID information after com- 






















mand execution. 




R 










H 












R 










R 












R 










N 
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TABLE 16. READ DELETED DATA 



PHA$E 




D7 


m 


D5 


D4 




D3 


D2 


D1 


DO 


DESCRIPTION 


COMMAND 


W 


MT 


MF 


SK 







1 


1 








Command code. 




w 


X 


X 


X 


X 




X 


HS 


US1 


USO 






w 










Q 


































VA^I 1 II 1 ICIIIVJ CACOUll^JI 1. 1 lie ll^UI 
























ii/yiv/w aiw v/w 1 1 i|i^a 1 ^vj ci^ciiiioi 
























Y^p^uti^r nn flnnn\# Hi<il( 
iicdvjd \Jti tivjyjyjy uioiv. 




w 










u 

n 














w 

vv 










p 














w 










N 














w 










EOT 














w 










GPL 














w 










DTL 












EXECUTION 






















Data transfer between FDD and 
























main system. 


RESULTS 


R 










STO 










Status information after com- 
























mand execution. 




R 










ST1 














R 










ST2 














R 










C 










Sector ID infomnation after com- 
























mand execution. 




R 










H 














R 










R 














R 










N 
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TABLE 17. WRITE DATA 



PHASE 




iiliii 


D6 


D5 


D4 




DZ 


D2 


D1 DO 


DESCRtPTION 


COMMAND 


w 


MT 


MF 













1 


1 


Command code. 




w 


V 
A 


V 

A 


V 
A 


V 
A 




V 
A 


11 o 

no 


1 lo^i 1 ion 
Uol UbU 






w 










c 








Sector ID informatiom prior to 






















command execution. The four 






















bytes are compared against 






















header on floppy disk. 




w 










H 












w 










R 












w 










N 












w 










EOT 












w 










GPL 












w 










DTL 










EXECUTIGN 




















Data transfer between FDD and 






















main system. 


RESULTS 


R 










STO 








Status information after com- 






















mand execution. 




R 










ST1 












R 










ST2 












R 



















Sector ID information after com- 






















mand execution. 




R 










H 












R 










R 












R 










N 
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TABLE 18. WRITE DELETED DATA 



PHASE 


RW 




D6 


D5 


D4 




D3 


D2 


PI DO 


DESCRIPTION 


COMMAND 


W 


MT 


MF 










1 





1 


Command code. 




w 


X 


X 


X 


X 




X 


HS 


US1 USO 






w 










c 








Sector ID informatiom prior to 






















command execution. The four 






















bytes are compared against 






















header on floppy disk. 




w 










H 












w 










R 












w 










N 












w 










EOT 












w 










GPL 












w 










DTL 










EXECUTION 




















Data transfer between FDD and 






















main system. 


RESULTS 


R 










STO 








Status information after com- 






















mand execution. 




R 










ST1 












R 










ST2 












R 










C 








Sector ID information after com- 






















mand execution. 




R 










H 












R 










R 












R 










N 











4 
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TABLE 19. READ TRACK 



PHASE 


RAW 


D7 


D6 


D5 


D4 




D3 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


W 


MT 


MF 


SK 













1 


Cnmmand nodfi 

^^V^l 1 II 1 ICII IvJ w\7VJw» 




W 


X 


X 


X 


X 




X 


HS 


US1 USO 






w 










c 








Sector ID Informatlom prior to 






















rnmmanri PYPPutinn Thp four 






















iiy y ICO CI 1 w v^v/ 1 i 1 i^/a 1 w vi ciuaiiiwL 


























vv 










n 












w 

vv 










R 

Fx 












vv 










N 












W 

V V 










EOT 












w 










GPL 












w 










DTL 










EXECUTION 




















Data transfer between FDD and 






















main system. FDD reads all data 






















fiels from index hole to EOT. 


RESULTS 


R 










STO 








Status information after com- 






















mand execution. 




R 










ST1 












R 










ST2 












R 










c 








Sector ID information after com- 






















mand execution. 




R 










H 












R 










R 












R 










N 
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TABLE 20. READ ID 



PHASE 


R/W 


iiii 


D6 


D5 


D4 




D3 


D2 


D1 


DO 


DESCRIPTION 


COMMAND 


W 





MF 










1 





1 





Command code. 




w 


X 


X 


X 


X 




X 


HS 


US1 


USD 




EXECUTION 






















The first corrected ID information 
























on the cylinder is stored in Data 
























Register. 


RESULTS 


R 










STO 










Status information after com- 
























mand execution. 




R 










ST1 














R 










ST2 














R 










C 










Sector ID infomiation read during 
























Execution Phase from floppy 
























disk. 




R 










H 














R 










R 














R 










N 













TABLE 21. FORMAT A TRACK 



PHASE 


RW 


D7 


D6 


D5 


D4 




D3 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


W 





MF 










1 


1 


1 


Command code. 




w 


X 


X 


X 


X 




X 


HS 


US1 uso 






w 










N 








Bytes/Sector. 




w 










SC 








Sectors/Track. 




w 










GPL 








Gap 3. 




w 










D 








Filler Byte. 


EXECUTION 




















Floppy Disk Controller (FDC) for- 






















mats an entire track. 


RESULTS 


R 










STO 








Status Information after com- 






















mand execution. 




R 










ST1 












R 










ST2 












R 










C 








In this case, the ID information 






















has no meaning. 




R 










H 












R 










R 












R 










N 
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TABLE 22. SCAN EQUAL 



PHASE 






D6 


D5 


D4 




Da 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


w 


MT 


MF 


SK 


1 










1 


Command code. 




w 


X 


X 


X 


X 




X 


HS 


US1 uso 






w 










c 








Sector ID informatiom prior to 






















command execution. 




w 










H 












w 










R 












w 










N 












w 










EOT 












w 










GPL 












w 










STP 










C/\C\^\J 1 1 WIN 










































and main system. 


RESULTS 


R 










STO 








Status information after com- 






















mand execution. 




R 










ST1 












R 










ST2 












R 










C 








Sector ID information after com- 






















mand execution. 




R 










H 












R 










R 












R 










N 
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TABLE 23. SCAN LOW OR EQUAL 



PHASE 


RAAf 


D7 


D6 


D5 


D4 




D3 


D2 


D1 


DO 


DESCRIPTIQN 


COMMAND 


W 


MT 


MF 


SK 


1 




1 








1 


Command co6e. 




W 


X 


X 


X 


X 




X 


HS 


US1 


USO 






w 










c 










Sector ID infomiatlom prior to 
























command execution. 




w 










H 














w 










R 














w 










N 














w 










EOT 














w 










GPL 














w 










DTL 












EXECUTION 






















Data compared between FDD 
























and main system. 


RESULTS 


R 










STO 










Status infornriation after com- 
























mand execution. 




R 










ST1 














R 










ST2 














R 










C 










Sector ID infornriation after com- 
























mand execution. 




R 










H 














R 










R 














R 










N 
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TABLE 24. SCAN HIGH OR EQUAL 



PHASE 


WW 


D7 


D6 


D5 


D4 




D3 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


w 


MT 


MF 


SK 


1 




1 


1 


1 


Command code. 




w 


X 


X 


X 


X 




X 


MS 


US1 uso 






w 










C 








Sector ID Informatiom prior to 






















command execution. 




w 










H 












w 










R 












w 










N 












w 










EOT 












w 










GPL 












vv 










O 1 r 










EXECUTION 




















Data compared between FDD 






















and main system. 


RESULTS 


R 










STO 








Status information after com- 






















mand execution. 




R 










ST1 












R 










ST2 












R 










C 








Sector ID information after com- 






















mand execution. 




R 










H 












R 










R 












R 










N 











TABLE 25. RECALIBRATE 



PHASE 


RPiN 


D7 


D6 


D5 


D4 


D3 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


W 

















1 


1 1 


Command code. 




W 


X 


X 


X 


X 


X 





US1 USO 




EXECUTION 


















Head retracted to Track zero. 
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TABLE 26. SENSE INTERRUPT STATUS 



PHASE 




D7 


De 


D5 


D4 




D3 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


w 
















1 








Command code. 




w 


X 


X 


X 


X 




X 





US1 USO 




RESULTS 


R 










STO 








Status infomnation aboutthe FDC 






















at the end of seek operation. 




R 










PCN 











TABLE 27. SPECIFY 



PHASE 


mN 


D7 


DS 


D5 


D4 


D3 


D2 


D1 


DO 


DESCRIPTION 


COMMAND 


w 




















1 


1 


Command code. 




w 


SRT 


SRT 


SRT 


SRT 


HUT 


HUT 


HUT 


HUT 






w 


HLT 


HLT 


HLT 


HLT 


HLT 


HLT 


HLT 


ND 





TABLE 28. SENSE DRIVE STATUS 



PHASE 


RW 


D7 


D6 


D5 


D4 


D3 


D2 


D1 DO 


DESCRIPTION 


COMMAND 


W 

















1 





Command code. 




w 


X 


X 


X 


X 


X 


HS 


US1 USO 




RESULTS 


R 








ST3 








Status infomnation about FDC. 



TABLE 29. SEEK 



PHASE 


RW 


D7 


DS 


D5 


D4 


D3 


D2 


D1 


DO 


DESCRIPTION 


COMMAND 


W 














1 


1 


1 


1 


Command code. 




w 


X 


X 


X 


X 


X 





US1 


USO 






w 










NCN 










EXECUTION 




















Head is positioned over proper 






















cylinder on the diskette. 
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TABLE 30. COMMAND SYMBOL DESCRIPTIONS 



SYMBOL 


NAME 


DESCRIPTION 


AO 


Address line 


AO controls selection of Main Status Register (A0=0) or Data 
Register (A0=1). 





Cylinder Number 


C stands for the current/selected cylinder (track) number through 
255 of the medium. 


D 


Data 


D standsforthe data pattern which is going to be written into a sector. 


07 - DO 


Data Bus 


8-bits Data Bus, where D7 stands for a most significant bit, and DO 
stands for a least significant bit 


DTL 


Data Length 


When N is defined as 00, DTL stands for the Data length which users 
are going to read out or write into the sector. 


EOT 


End of Track 


EOT stands for the final sector number on a cylinder. During Read 
or Write operations, FDC will stop data transfer a sector number 
equal to EOT. 


GPL 


Gap Length 


GPL stands for the length ofGapS. During the FORMAT Command, 
it determines the size of Gap 3. 


H 


Head Address 


H stands for head number or 1 , as specified in the ID field. 


HLT 


Head Load Time 


HLT stands for the Head Load Time in FDD (2 to 254 ms in 2 ms 
increments). 


HS 


Head Select 


HS stands fora selected head number or 1 and controls the polarity 
of pin 25 (in 40 pin DIP) or pin 28 (in 44 pin PLCC). 


HUT 


Head Unload Time 


HUT stands for the HEAD UNLOAD TIME after a Read or Write 
operation has occurred (16 to 240 ms in 16 ms increments). 


MF 


FMorMFM 


If MF is low, FM mode is selected. If it is high, MFM mode is selected. 


MT 


MultiTrack 


If MT is high, a MUTITRACK operation is performed. If MT=1 after 
finishing ReadAA/rite operation on side 0, FDC will automatically 
start searching for sector 1 on side 1 . 


N 


Number 


N stands for the NUMBER of data bytes written in a sector. 


NGN 


New Cylinder Number 


NCN stands for a NEW CYLINDER NUMBER which is going to be 
reached as a result of the Seek operation. Desired position of head. 


ND 


Non-DMA Mode 


ND stands for operation in the NON-DMA MODE. 
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TABLE 30. COMMAND SYMBOL DESCRIPTIONS 



SYMBOL 


NAME 


DESCRIPTION 


PON 


Present Cylinder 


PCN stands for the cylinder number at the completion of the SENSE 
INTERRUPT STATUS Command. Position of head ar present time. 


R 


Record 


R stands for the sector number which will be read or written. 


Rf\N 


Read/Write 


R/W stands for either READ or WRITE signal. 


80 


Sector 


SC indicates the number of sectores per cylinder. 


SK 


Skip 


SK stands for SKIP Deleted Data Address Mark. 


SRI 


Step Rate Time 


SRT stabds for the Stepping Rate for the FDD (1 to 16 ms in 1 ms 
increments). Stepping Rate applies to all drives. In 2's complement 
format, F (hex)=1 ms, E (hex)=2 ms, etc. 


STO-3 


Status 0-3 


STO-3 stands for one of four registers which store the STATUS 
information after a command has been executed. This information 
is available during the result phase after command execution. 
These registers should not be confused with the Main Status 
Register (selected by A0=0). STO-3 may be read only after a 
command has been executed and contains information relevant to 
that particular command. 


SIP 




During a SCAN operation. If STP=1 , the data In contiguous sectors 
is compared byte by byte with data sent from the processor ( or 
DMA); if STP=2, then altemate sectore are read and compared. 


USO-1 


Unit Select 0-1 


US stands for a selected drive; binary encoded, 1 of 4. 



COMMAND DESCRIPTIONS 
Read Data 

A set of nine byte words are required to place the FDC 
into the Read Data Mode. After the Read Data com- 
mand has been issued, the FDC loads the head (if it is 
in the unloaded state), waits the specified head set- 
tling time Ideflned in Ihe Specify Command), and 
begins reading ID Address Marias and iD fields. When 
the cunrent sector number ("R") stored in the ID 
Register (IDR) compares with the sector number read 
of the diskette, then the FDC outputs data (from the 



data field) byte-to-byte to the main system viathedala 
bus. After completion of the read operation from the 
cunrent sector, the Sector Number is incremented by 
one, and the data from the next seclor is read and 
output on the data bus. This continuous read function 
is called a "Multi- sector Read Operation" The Read 
Data Command may be terminated by the receipt of 
a Terminal Count signal. TC should be issued at the 
same time thai the DACK* for the last byte of data is 
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sent. Upon receipt of this signal, the FDC stops 
outputting data to the processor, but will continue to 
read data from the current sector, check CRC (Cyclic 
Redundancy Count) bytes, and then at the end of the 
sector terminate the Read Data command. The 
amount of data which can be handled with a single 
command to the FDC depends upon MT (multltrack), 
MF (MFM/FM), and N (number of bytes sector). 
Table 31 lists the Transfer Capacity. 



TABLE 31. TRANSFER CAPACITY 



Multi- 
Track 
MT 


MFM/ 
FM 
MF 


Bytes/ 
Sector 
N 


Maximum Transfer Capacity 
(Bytes/Sector) 
(Mumber of Sectors) 


Final Sector 
Read from 
Diskettes 








00 


(128) (26) = 3328 


26 at side 





1 


01 


(256) (26) = 6656 


or 26 at side 1 


1 





00 


(128) (52) = 6656 


26 at side 1 


1 


1 


01 


(256) (52)= 13312 


26 at side 1 








01 


(256) (15) = 3840 


15 at side 





1 


02 


(512) (15) = 7680 


or 15 at side 1 


1 





01 


(256) (30) = 7680 


15 at side 1 


1 


1 


02 


(512) (30) = 15360 


1 5 at side 1 








02 


(512) (8) = 4096 


8 at side 





1 


03 


(1024) (8) = 8192 


8 at side 1 


1 





02 


(512) (16) = 8192 


8 at side 1 


1 


1 


03 


(1024) (16) = 16384 


8 at side 1 



The "multi-track" function (MT) allowsthe FDC to read 
data from both side§ of the diskette. For a particular 
cylinder, data will be transferred starting at Sector 1 , 
SideO and completing at Sector L, Side 1 (Sector L = 
last sector on the side). Note, this function pertains to 
only one cylinder (the same track) on each side of the 
diskette. When N=0,then DTL defines the data length 
which the FDC must treat as a sector. If DTL js smaller 
than the actual data length in a sector, thedata beyond 



DTL in the sector is not sent to the Data Bus. The FDC 
reads (internaily) the complete sector performing the 
CRC check, and depending upon the manner of 
command termination, may perform a Multi-Sector 
Read operation. When N is nQn-zero, then DTL has no 
meaning and should be set to FF hexideqimal. 

At the completion of the Read Dala cbmriiand^ the 
head is not unloaded until after Head Unload Time 
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Interval (specified in the Specity command) has 
elapsed. If the processor issues another command 
before the head unloads, then the head settling time 
may be saved between subsequent reads. This time 
out is particularly valuable when a diskette is copied 
from one drive to another If the FDC detects the Index 
Hole twice without finding the right sector, (indicated 
in 'R'), then the FDC sets the ND (No Data) flag in 
Status Register 1 to a 1 (high), and terminates the 
Read Data command. (Status Register also has bits 
7 and 6 set to and 1 respectively.) 

After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If a read error is detected 
( inconrect CRC in ID field), the FDC sets the DE (Data 
Enror) flag in Status Register 1 lo 1 (high). If a CRC 
error occurs in the Data Field, the FDC also sets the 
DD (Data Enror in Data Field) flag in Status Register 2 
to a 1 (high), and terminates the Read Data command. 
(Status Register also has bits 6 and set to and 1) 
respectively. 

If Ihe FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit OS in the first Command 
Word) is not set (SK=0) then the FDC sets the CM 
(Control Mark) flag in Status Register 2 to a 1 (high), 
and temriinates the Read Data command after reading 
all the data in the sector. If SK=1 , the FDC skips the 
sector with the Deleted Data Address Mark and reads 
the next sector. The CRC bits in the deleted data field 
are not checked when SK=1 . 

During disk data transfers between the FDC and the 
processor via the data bus, the FDC must be serviced 
by the processor every 27|is in the FM mode, and 
every 1 9|xs in the MFM mode or the FDC sets the OR 
(Ovenrun) flag in Status Register 1 to a 1 (high), and 
terminates the Read Data command. If the processor 
terminates a read (or write) operation in the FDC, then 
the ID information in the Result phase is dependent 
upon the state of the MT bit and EOT byte. Table 32 
shows the values for C, H, A, and N, when the 
processor terminates the command. 



TABLE 32. C, H, R, AND N VALUES 



MT 


HD 


Fjiiat Sector 
Trartsferrecf 
to Processor 


c 


IDiiiformatiotiaf 
Result Phase 
H R N 








Less than EOT 


NC 


NC 


R+1 


NC 








Equal to EOT 


C+1 


NC 


R=1 


NC 





1 


Less that EOT 


NC 


NC 


R+1 


NC 





1 


Equal to EOT 


0+1 


NC 


R=1 


NC 


1 





Less than EOT 


NC 


NC 


R+1 


NC 


1 





Equal to EOT 


NC 


LSB 


R=1 


NC 


1 


1 


Less than EOT 


NC 


NC 


R+1 


NC 


1 


1 


Equal to EOT 


C+1 


LSB 


R=1 


NC 



Note: NC (No Change): The same value as the one at 
the begininning of command execution. 

Write Dates 

A set of nine bytes is required to set the FDC into the 
Wide Data mode. After the Write Data command has 
been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify command), and begins reading 
ID fields. When all four bytes loaded during the 
command (C, H, R, N) match the four bytes of the ID 
field from the diskette, the FDC takes data from the 
processor byte-by-byte via the data bus and outputs it 
to the FDD. 

After writing data into the cunrent sector, the sector 
number stored in 'R' is incremented by one, and the 
next data field is written into. The FDC continues 
this 'Multisector Write Operation" until the issuance of 
a Terminal Count signal. If a Terminal Count signal is 
sent complete the data field. If the Terminal CounI 
signal is received while a data field is being written, 
then the remainder of the data field is filled with zeros. 

The FDC reads the ID field of each sector and checks 
the CRC bytes in one of the ID fields, it sets the DE 
(Data Error) flag of Status Register 1 to a 1 (high) and 
terminates the Wrile Data command. (Status Register 
also has bits 7 and 6 set to and 1 respectively.) 

The Write command operates in much the same 
manner as the Read command. The following items 
are the same, and one should refer to the Read Data 
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cx)mmand for details 

• Transfer capacity 

• EN (End of Cylinder) flag 

• ND (No Data) flag 

• Head Unload Time interval 

• ID Information when the processor terminates 
command 

• Definition of DTL when N = and when N= 

In the Write Data mode, data transfers between the 
processor and FDC via the data bus, must occur every 
27)xs in the FM mode and every 1 3|xs in the MFM 
mode. If the time interval between data transfers is 
longer than this, then the FDC sets the OR (Overrun) 
flag in Status Register 1 to a 1 (high) and terminates 
the Write Data command (Status Register also has 
bits 7 and 6 set to and 1 respectively.) 

Write Deleted Data 

This command is ihe same as the Write Data com- 
mand except a Deleted Data Address mark Is written 
atthe beginning of the data field insteadof the normal 
Data address mark. 

Read Deteted Data. 

This command is the same as the Read Data com- 
mand except that when the FDC detects a Data 
Address mark at the beginning of a data field (and 
SK=0 ) it will read ail the data in the sector and set the 
CM flag in Status Register 2 to a 1 (high), and then 
terminate the command. If SK=1 , then the FDC skips 
the sector with the Data Address mark and reads the 
next sector 

Read A Track 

This command is similar to the Read Data command 
except that this is a continuous Read operation where 
the entire data field from each of the sectors is read. 
Immediately after sensing the index hole, the FDC 
starts leading all data fields on the track as continuous 
blocks of data. If the FDC finds an error in the ID or 
Data CRC check bytes, it continues to read data from 
the track. The FDC compares the ID information read 
from each sector with the value stored in the IDR and 
sets the ND flag of status Register 1 to a 1 (high) if 
there is no comparison. Multi-track or skip operations 
are not allowed with this command. 



This command terminates when the number of sec- 
tors read is equal to EOT If the FDC does not find an 
ID Address mark on the diskette after it senses the 
index hold for the second time, it sets the MA (Missing 
Address mark) flag in Status Register 1 to a 1 (high) 
and terminates the command. (Status Register has 
bits 7 and 6 set to and 1 respectively.) 

Read ID 

The Read ID command is used to give the present 
position of the recording head. The FDC stores the 
values from the first ID field it is able to read. If no 
proper I D Address mark is found on the diskette before 
the index hole is encountered for the second time, 
then the MA (Missing Address mark) flag in Status 
Register 1 is set to a 1 (high), and if no data is found 
then the ND (No Data) flag is also set in Status 
Register 1 to a 1 (high). The command is then termi- 
nated with bits 7 and 6 in Status Register settoO and 
1 respectively. During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 

Format A Track 

The Format command allows an entire track to be 
formatted. After the index hole is detected, data is 
wriften on the diskefte; Gaps, Address marks, ID fields 
and data fields, all per the IBM System 34 (double 
density) or System 3740 (single density) format are 
recorded. The particularformat which will be written is 
controlled by the values programmed inio N (number 
ot bytes/sector), SC (sectors/cylinder), GPL (gap 
length), and D (data pattern) which are supplied by the 
processor during the Command phase. The data field 
is filled with the byte of data stored in D. The ID field 
for each sector is supplied by the processor; that is, 
four data requests per sector are made by the FDC for 
C (cylinder number), H (head number), R (sector 
number) and N (number of bytes/sector). This allows 
the disketteto be formatted with nonsequential sector 
numbers, if desired. 

The processor must send new values for C, H, R, and 
N to the ST37C65 for each sector on the track. If FDC 
is set for the DMA mode, it will issue four DMA 
requests per sector. If it is set for the Interrupt mode, 
it will issue four interrupts per sector and the processor 
must supply C, H, R, and N loads for each sector. The 
contents of the R register are incremented by 1 after 
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each sector is formatted; thus, the R register contains 
a value of R when it is read during the Result phase. 
This incrementing and formatting continues for the 
whole track until the FDC detects the index hole forthe 
second time, whereupon It terminates the command. 

Table 33 shows the relationship between N, SC, and 
GPL for various sector sizes. 



TABLE 33. N, SC AND GPL RELATIONSHIP 



FORMAT SECTOR SIZE H SO GPL1 OPL2,3 



8" STANDARD FLOPPY 
FMMODE 



128 bytes/sector 


00 


1A 


07 


IB 


256 


01 


OF 


OE 


2A 


512 


02 


08 


IB 


3A 


1024 


03 


04 


47 


8A 


2048 


04 


02 


C8 


FF 


4096 


05 


01 


C8 


FF 


MFM 256 


01 


1A 


OE 


36 


512 


02 


OF 


IB 


54 


1024 


03 


08 


35 


74 


2048 


04 


04 


99 


FF 


4096 


05 


02 


C8 


FF 


8192 


06 


01 


C8 


FF 


5 1/4" MINI-FLOPPY 










FM MODE 










128 


00 


12 


07 


09 


128 


00 


10 


10 


19 


256 


01 


08 


18 


30 


512 


02 


04 


46 


87 


1024 


03 


02 


C8 


FF 


2048 


04 


01 


C8 


FF 


MFM MODE 










256 


01 


12 


OA 


OC 


256 


01 


10 


20 


32 


512 


02 


08 


2A 


50 


1024 


03 


04 


80 


FO 


2048 


04 


02 


C8 


FF 


4096 


05 


01 


C8 


FF 


3 1/2" SONY MICRO-FLOPPY 










FMMODE 










128 


00 


OF 


07 


IB 


256 


01 


09 


OE 


2A 


512 


02 


05 


IB 


3A 


MFM MODE 










256 


01 


OF 


OE 


36 


256 


02 


09 


IB 


54 


1024 


03 


05 


35 


74 



Scan Commands 

The Scan commands allow data which is being read 
from the diskette to be compared against data which 
is being supplied from the main system. The FDC 
compares the data on a byte-by-byte basis and looks 
for a sector of data which meets the condittons The 
hexidecimal byte of FF either from memory or from 
FDD can be used as a mask byte because it always 
meets the condition of the comparison. Ones comple- 
ment arithmetic is used for comparison (FF=largest 
number, 00=smallest number). After a whole sector 
of data is compared, if the conditions are not met, the 
sector number is incremented (R + STP -8R), and the 
scan operation is continued. The scan operation con- 
tinues until one of the following conditions occur the 
conditions for scan are met (equal, low, or high), the 
last sector on the track is reached (EOT), or the 
terminal count signal is received. 

If the condittons for scan are met, then the FDC sets 
the SH (Scan Hit) flag of Status Register 2 to a 1 (high) 
and terminates the Scan command. If the condittons 
for scan are not met between the starting sector (as 
specified by R) and the last sector on the cylinder 
(EOT), then the FDC sets the SN (Scan Not Satisfied) 
flag of Status Regisler 2 is a 1 (high) and terminates 
the Scan command. The receipt of a Terminal Count 
signal from the processor or DMA controller dumng 
the scan operation will cause the FDC to complete the 
comparison of the particular byte which is in process 
and the to terminale the command. Table 34 shows 
the status of bits SH and SN under various condittons 
of Scan. 



TABLE 34. STATUS OF BITS SH AND SN 



STATUS WEOJSTER 2 



COMMAND 


8IT-2 


BrT4 


COMMENTS 


Scan Equal 





1 


DFDD = Dprocessor 




1 





DFDD 5t Dprocessor 







1 


DFDD = Dprocessor 


Scan Low 








DFDD < Dprocessor 


or Equal 


1 





DFDD > Dprocessor 







1 


DFDD = Dprocessor 


Scan High 








DFDD > Dprocessor 


or Equal 


1 





DFDD < Dprocessor 
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If the FDC encounters a Deleted Data Address mark 
on one of the sectors (and SK=0), then it regards the 
sector as the last sector on the cylinder, sets the CM 
(Control mark) flag of Status Register 2 to a 1 (high) 
and terminates the command If SK=1 , the FDC skips 
the sector with the Deleted Address mark and reads 
the next sector. In the second case (SK=1), the FDC 
sets the CM (Conlrol mark) flag of Status Register 2 to 
a 1 (high) in order to show that a deleted sector had 
been encountered. 

When either the STP (contiguous sectors=01, or 
altemate sectors=02) sectors are read or the MT 
(Multitrack) is programmed it is necessary to remem- 
ber that the last sector on tbe track must be read. For 
example, if STP=02, MT=0, the sectors are numbered 
sequentially 1 through 26 and the Scan command is 
started at sertor21 , the following will happen: sectors 
21 , 23, and 25 will be read, then the next sector (26) 
will be skipped and the index hole will be encountered 
before the EOT value of 26 can be read. This will result 
in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at 
sector 20, then the Scan command would be com- 
pleted in a normal manner. 

During the Scan command, data is supplied by either 
the processor or DMA controller for comparison 
against the data read from the diskette. In order to 
avoid having the OR (Overrun) flag set in Status 
Register 1 , it is necessary to have the data available 
in less than 27jas (FM mode) or13)as (MFM mode). If 
an Ovenrun occurs, the FDC ends the command with 
bits 7 and 6 of Status Register set to and 1, 
respectively. 

Seek 

The ReadA/Vrite head 'within the FDD is moved from 
cylinder to cylinder under control of the Seek com- 
mand. FDC has four independent Present Cylinder 
Registers for each drive. They are cleared only after 
the Recalibrate command. The FDC compares the 
PCN (Present Cylinder Number) which is the current 
head position with the NCN (New Cylinder Number), 
and if Ihere is a difference, performs the following 
operations: 



PCN < NCN: Direction signal to FDD set to a 1 
(high), and step pulses are issued. (Step In) 

PCN > NCN: Direction signal to FDD set to a 
(low), and step pulses are issued. (Step Out) 

The rate at which step pulses are issued is controlled 
by SRT (Stepping Rate Time) in the Specify com- 
mand. After each step pulse is issued NCN Is com- 
pared against PCN, and when NCN = PCN, Ihe SE 
(Seek End) flag is set in Status Register to a 1 (high), 
and the command is terminated At this point FDC 
intenrupt goes high. Bits D0B-P3B in the Main Status 
Register are set during the Seek operation and are 
cleared by the Sense Interrupt Status command. 

During the command phase of the Seek operation the 
FDC is in the FDC Busy state; but during the Execution 
phase, it is In the non-busy state. While the FDC is in 
the non-busy state, another Seek command may be 
issued, and in this manner parallel Seek operalions 
may be done on up to four drives at once. No other 
command can be issued as long as the FDC is in the 
process of sending step pulses to any drive. 

If the time to write three bytes of Seek command 
exceeds 1 50)xs, the timing between the first two step 
pulses may be shorter than that set in the Specify 
command by as much as 1 ms. 

Recalibrate 

Tne function of this command is to retract the Read/ 
Write nead within the FDD to the Track position. The 
FDC clears the contents of the PCN counter and 
checks the status of the Track signal from the FDD. 
As long as the Track signal is low, the Direction 
signal remains (low) and step pulses are issued. 
When the Track signal goes high, the SE (Seek End) 
flag in Status Register is set to a 1 (high) and the 
command is terminated If the Track signal is still low 
after 255 step pulses have been issued, the FDC sets 
the SE (Seek End) and EC (Equipment Check) flags 
of Status Register to both 1s command after bits 7 
and 6 of Status Register are set to and 1 
respectively The ability to do overiap Recalibrate 
commandsto multiple FDDs and the loss of the Ready 
signal, as described in the Seek command, also 
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applies to the Recalibrate command. 
Sense Interrupt Status 

An Intenrupt signal is generated by the FDC for one of 
the following reasons: 

1 Upon entering the Result phase of 

• Read Data command 

• Read A Track command 

• Read ID command 

• Read Deleted Data command 

• Write Data command 

• Fomnat A Cylinder command 

• Write Deleted Data command 

• Scan commands 

2 Ready Line of FDD changes state 

3 End of Seek or Recalibrate command 

4 During Execution phase in the non-DMA mode 

Interrupts caused by reasons 1 and 4 above occur 
during normal command operations and are easily 
discernible by the processor During an Execution 
phase in non-DMA mode, DBS in the Main Status 
Register is high. Upon entering the Result phase, this 
bit gets cleared. Reasons 1 and 4 do not require Sense 
Interrupt Status commands. 

The intenrupt is cleared by Reading/Writing data to the 
FDC. Intenrupts caused by reasons 2 and 3 above may 
be uniquely identified with the aid of the Sense Inter- 
rupt Status command. This command, when issued, 
resets the Intenrupt signal and via bits 5, 6, and 7 ot 
Status Register identifies the cause of the interrupt. 

TABLE 35. INTERRUPT CAUSE 



BIT^ 


BlT-6 


BlT-7 







1 


1 


Ready line changed 








state, either polarity. 


1 








Normal Termination of 








Seek or Recalibrate 








command. 


1 


1 





Abnormal Termination of 








Seek or Recalibrate 








command. 



The Sense Intenrupt Status command is used in 
conjunction with the Seek and Recalibrate commands 
which have no Result phase. When the disk drive has 
reached the desired head position, theST37C65 will 
Set the Intenrupt line true. The host CPU must then 
issue a Sense Intenrupt Status command to detemnlne 
the actual cause of the interrupt, which could be Seek 
End era change in ready status from one of the drives. 
See Figure 7. 

The Specify command sets the initial values for each 
of the three intemal timers: The HUT (Head Unload 
Time) defines the time from the end of the Execution 
phase of one of the Read/Write commands to the 
head unload state This timer is programmable from 16 
to 240ms in increments of 16ms {01=16ms, 
02=120ms, 0F=240ms). The SRT (Step Rate Time) 
defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16ms in 
increments of 1ms (F= 1ms, E=2ms, D=3ms, etc.). 
The HLT (Head Load Time) defines the time between 
when the Head Load signal goes high and the Read/ 
Write operation starts. This timer is programmable 
from 2 to 254ms in increments of 2ms (01=2ms, 
02=4ms, 03=6ms . . . 7F=254ms). 

The time intervals mentioned above are a dirert 
lunction oftne clock (CLK on pin 23). Times indicated 
above are fora 16MHz clock; if the clock was reduced 
to 8MHz, then all time intervals are increased by a 
factor of 2. If the clock was increased to 32MHz, then 
all time in tervals are decreased by half. 
The choice ot DMA or non-DMA operation is made by 
the ND (Non-DMA) bit. When this bit is high (ND = 1), 
the Non-OMA mode is selected; and when ND = 0, the 
DMA mode is selected. 

Sense Drive Status 

This command may be used by the processorto obtain 
the status of the FDDs. Status Register 3 contains the 
Drive Status infomriation stored intemally In FDC 
registers. 

Invalid 

If an Invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the 
command after bits 7 and 6 of Status Register are set 
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to 1 and respectively. No Interrupt Is generated 
during this condition. Bits 6 and 7 (DIO and RQM) in 
the Main Status Register are both high (1), indicating 
to the processor that the ST37C65 is In the Result 
phase and the contents of Status Register (STD) 
must be read When the processor reads Status Reg- 
ister 0, it will find an 80 hex, Indicating an Invalid 
comnnand was received. 

A Sense Interrupt Status command must be sent after 
a Seek or Recalibrate interrupt; otherwise the FDC will 
consider the next command to be an invalid com- 
mand. In some applications, the user may wish to use 
this command as a No-Op command to place the FDC 
in a standby or No Operation state. 



FIGURE 8. ST37C65 FM MODE FORMAT 
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FIGURE 9. ST37C65 MFM MODE FORMAT 
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AC ELECTRICAL CHARACTERISTICS 



1^=25** C, Vj^=5.0 V ± 5% unless otherwise specified. 



Symboi 


Pa^rameter 




Liinits 




units 


Conaitions 






Min 


Typ 


max 
















Clock nign pulse duration 


1 o.o 






ns 




T 

'2 


Clock low pulse duration 


1 o.o 






ns 




T 

'3 


oiocK. rioe/Taii lime 






z 


ns 






An PQ* PiAPk"* cot iin fimo 

Mu, 00 , u/\v/r\ sei up lime 
lu r\L/ luw 


n 
u 






ns 




T 
'5 


rvL/ WIUlll 


on 






ns 




T 


AO CS* HACK* hnld timp 

in Rn* hinh 
lu r\L/ iiiyii 



yj 






1 10 




T 

's 


Data appocc timo froin Rr^* IniA/ 
u/dici di^v/Coo 111 lie iiuill ixL/ lUW 






QO 

«7U 


nc 
llo 




T 
•9 


r^oto Hue trt flrtot Holo%/ fmtn Dr^* hinh 
L^ellel UUo lU llUdl Ucidy IIUIII T\IJ liiyil 


10 
1 u 




OD 


ns 




T 

'10 


ll?0 rocot Holox/ tinrio frf\m Or\* hinh 
IrvW iCoCl Ucldy lliTlc IIUIII r\U iiiyn 






1 18 


ns 


•l-l ^Hnc 
T 1 our lo 


T 

•11 


An r*Q* nAr^k"* 1 nr^p* 1 nop* 


U 






ns 




cot 111^ timo tn \A/P* lniA# 

bci up 111116 10 Vvrx lUW 












T 

'12 


WR* width 
vvr\ WIUlll 


RO 
uu 






nc 
1 19 




T 

' 13 


AO ns* RAPK* 1 npR* 1 noR* 


n 
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nc 
llo 




hnlH timo frnm \A/P* hinh 
llUlU IIIIIC IIUIII VVrv iiiyii 












T 
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T 

'17 


IRO rocot Hol9\/ timo frnm \A/P* hinh 
iixVk icociucidy mile iiuiii vvr\ iiiyii 
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DMA p\#plo timp 
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DAOl^* HpIow timp frnm DK/IA hinh 
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T20 


DMA reset delay time from DACK* low 






140 


ns 




T 

'21 


DACK* width 


90 






ns 






RD* or WR* response from DMA high 






48 


T18 






RD* delay from DMA 









ns 




T« 


WR* delay from DMA 









ns 




T» 


TC delay from last DMA or IRQ, RD* 







192 


T18 






TC delay from last DMA or IRQ, WR* 







384 


T18 




"^30 


TC width 


60 






ns 




T„ 


Reset width - TIL driven CLK1 


60 






ns 




T3. 


Chip access delay from RST low 


32 






T18 




T33 


DIRC* hold & set up to STEP* low 


4 






T18 




T„ 


STEP* active time low 


24 






T18 






DIRC* hold time after STEP* 


96 






T18 




Tae 


STEP* cycle time 


132 






T18 






DSX* hold time from STEP* low 


20 






T18 






IDX* index pulse width 
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T18 




T39 


RDD* active time low 


40 






ns 






WD* write data width low 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40'' C to +150** C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T=25° C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 
















Input low level 


-0.5 




0.8 


V 






Input high level 


2.2 




VCC 


V 




Vol 


Output low level for Dx, IRQ, 






0.4 


V 


\q = 24 mA 


DMA 










^OH 


Output high level for Dx, IRQ, 


2.8 






V 


>0H= "5 mA 


DMA 










^OLHC 


Output low-high current 






0.4 


V 


loL= 24 mA 




open drain 










'cc 


Avg. power supply current 




5 




mA 




'ccc 


Power down current 




100 




mA 




l,L 


Input leakage 






±10 


mA 






Input low trashold - "Schmitt" 


0.8 




1.1 


V 




^IHT 


Input high trashold - "Schmitt" 


1.7 




2.0 


V 




^HYS 


Schmitt trigger hysterisis 


0.45 






V 





CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 
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GENERAL WRITE TIMING 



AO.CS* 
DACK* 



WR* 




T15 k- N \o\ T16 



D0-D7 



IRQ 
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TERMINAL COUNT TIMING 



DMA or IRQ 



TC 



T29 
T28 



< > 


<- — ^ — • ' ■ ■ ; ■ >i 


< — — ► 






/ H 



T30 
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RESET TIMING 



RESET 



T31 N- 



T32 



CS* 



DISK DRIVE TIMING 



DIRC* 



STEP* 



DSx* 



T33N- 



->H >^ 

i T34 : 

1 r 



->! T35 



T36 N- 



T37 



IND* 



->1 T38 



->! T39 



RDD* 



-W T40 



WD* 
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ST16C450 



STARTECH 



Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER 



DESCRIPTION 



PLCC Package 



The ST16C450 is a universal asynclironous receiver 
and transmitter. A programmable baud rate genera- 
tor is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST16C450 is an improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C450 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor intenrupt system that may be software 
tailored to the user's requirements. The ST16C450 
provides intemal loop-back capability for on board 
diagnostic testing. 

The ST16C450 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



S S 3 Q Q 



r 2 2 a b 



[TI 



STieC450CJ44 



m 

m 

m 

«] 
«] 

m 
Ml 

Ml 



i i I i 1 ^ I ° 1 1 ^ 



Plastic-DiP Package 



opr 

DTK' 
RT8' 
OP2' 



FEATURES 

• Pin to pin and functional compatible to 
NS1 6450, VL1 6C450, WD1 6C450 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Operating supply from 2.7V to 5.25\/ 



ORDERiNO INFORMATION 



Part number 
ST16C450CP40 
ST16C450CJ44 
ST16C450CQ48 



Package Operating temperature 
Plastic-DIP 0° C to + 70*^ C 
PLCC 0* C to + 70° C 

TQFP 0° C to + 70° C 



DO 


H 




40] 


vcc 


D1 






39] 


Rr 


D2 






38] 


CD* 


D3 


\L 




^ 


DSR* 


D4 


\L 




ii] 


CTS* 


D5 








RESET 


D6 






34] 


0P1* 


D7 


\L 




33] 


DTR* 


RCLK 




? 


32] 


RTS* 


RX 




50CF 




0P2* 


TX 




16C4 




INT 


CSO 






29) 


N.C. 


CS1 








AO 


CS2* 


111 






A1 


BAUDOUr 






26] 


A2 


XTAL1 








AS* 


XTAL2 






El 


CSOUT 


low 


[18 




23] 


DDIS* 


low 






22] 


lOR 


GND 


[20 






KDR* 



ST16C450 



ABSOLUTE MAXIMUM RATINGS 

7 Volts 

GND-0.3 V to VCC+0.3 V 
O^'C to +70° C 
-40** G to +150° C 
500 mW 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vcc=2.7V to 3.3V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.0 




VCC 


V 






Output low level on all outputs 






0.4 


V 


loL= 2 mA 


^OH 


Output high level 


2.4 






V 


'oH= -2 mA 


'cc 


Avg. power supply current 




3 




mA 




l,L 


Input leakage 






±10 


mA 




ICL 


Clock leakage 






±10 
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ST16C450 

O) 



o 

AC ELECTRICAL CHARACTERISTICS 



7^=25** C, V^=2.7V to 5.25V unless otherwise specified. 









Liinits 




uniiis 


Qonciitions 






ivliri 


Typ 


MoX 














T 


^iocK nign puise auraiion 


DU 






ns 


Kl^4<^- 

iNote. z 


T 

'2 


Clock low pulse duration 


oU 






ns 


Note. 2 


T 

'3 


LriocK nse/Taii lime 






■1 n 


ns 




T 


Baud out rise/fall time 






100 


ns 


100 pr load 


T 


Aoaress siroDe wiam 


An 






ns 




T 

'e 


rvuuicoo oC/lU|J mile 


OU 






ns 




T 

'7 


^UUiCOO IIUIU llillC 


1 V/ 






ns 




T 
'8 


wllip oCICl^l oCLup III lie 


c 
o 






ns 




T 

'9 


01 lip oCICli^l IIUIU III lie 


n 

u 






ns 




T,„ 


woww 1 ucidy IIUIU uiiip oeicui 






ZO 


ns 




T 
'11 


ivyrx lu L^L^io ueiciy 






OU 


ns 


1 no rt^ Irtarl 
1 UU pr lOdU 


T 

'12 


r^ata cpfim fimp 
LJala oeiup ill lie 


1 






ns 


Klrttp- i 

iNoie. 1 


T 

'13 


Data hnlH timp 

L^CILCI liUlU III lie 


1 sJ 






ns 


Mrttp- 1 

INUIC. 1 


T 
'14 


■WW Ueldy liUlll Ullip beleCl 


in 
1 u 






ns 


iMoie. 1 




ctmKA iA/!Hth 

iv/vv oiroDe wiuin 


00 






ns 




T.e 


Chip select hold time from lOW* 









ns 


Note: 1 


17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T„ 


Data hold time 






45 


ns 




T„ 


lOR* delay from chip select 


25 






ns 


Note: 1 




lOR* strobe width 


65 






ns 




\. 


Chip select hold time from lOR* 









ns 


Note: 1 




Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 


25 






ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 


T« 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 


input 












T30 


Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T3, 


Delay from stop to set interrupt 






1 

'Rdk 


* 


100 pF load 


"^32 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 
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ST16C450 



AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=2.7V to 5.25V unless otherwise specified. 



Symbol 


Parameter 


Min 


Limits 
Typ 


Max 


Units 


Concfttions 










T34 
N 


Delay from stop to interrupt 
Delay from lOW* to reset intenrupt 
Baud rate devisor 


1 




100 
175 
216-1 


ns 
ns 





Note 1 : Applicable only when AS* is tied low. 
Note 2: 1 .8432 Mhz crystal or External clock. 
* = Baudout* cycle 
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ST16C1450 

STARTECH ST16C1451 

Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER 



DESCRIPTION 



PLCC Package 



Ttie ST16C1450/51 is a universal asynchronous re- 
ceiver and transnnitter. A programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST16C1 450/51 is an improved version of the SSI 
73M1550 and SSI 73M2550 UART with higher oper- 
ating speed and lower access time. The ST16C1450/ 
51 on board status registers provides the error 
conditions, type and status of the transfer operation 
being performed. Included Is complete MODEM con- 
trol capability, and a processor interrupt system that 
may be software tailored to the user's requirements. 
The ST1 6G1 450/51 provides internal loop-back capa- 
bility for on board diagnostic testing. 
The ST16C1 450/51 is fabricated in an advanced 1 .2\i 
CMOS process to achieve low drain power and high 
speed requirements. 



<x - o O Q 
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ST16C1450 



FEATURES 



• Pin to pin and functional compatible to SSI 
73M1 550/2550 

• Modem control signals (CTS*, RTS*. DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, orno parity bitgeneration and detection 

• Software compatible with INS8250, NS16C550 

• 448 kHz transmit/receive operation with 7.372 
MHz crystal or extemal clock source 

• Operating supply from 2.7V to 5.25V 

• Pin-to-pin compatible to ST16C1 550/1 551 



PLCC Package 



o o o a 



D4 [T 

06 [T 

06 d 

07 [T 
RX [T 

cs- QT 



STieC1451CJ28 



s S I ^ & z 



M] CTS- 

24] REST 

23] OTO- 

22] RTS- 

E] *° 

19] A2 



ORDERING INFORMATION 



Part number 

ST16C1450CP28 

ST16C1450CJ28 

ST16C1451CP28 

ST16C1451CJ28 

ST16C1450CQ48 

ST16C1451CQ48 



Package Operating temperature 



Plastic-DIP 

PLCC 

Plastic-DIP 

PLCC 

TQFP 

TQFP 



0** C to + 70" C 
0° C to + 70** C 
0° C to + 70" C 
0" C to + 70" C 
0" C to + 70" C 
0" C to + 70" C 



ST16C1451 



ST16C1450 
i ST16C1451 



o 

lO 
Tf 

o 

CO 

CO ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating tennperature 0** C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^=2.7V to 3.3V unless othen^^ise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.0 




VCC 


V 






Output low level on all outputs 






0.4 


V 


\q = 2 mA 


^OH 


Output high level 


2.4 






V 


loH= -2 mA 


'cc 


Avg. power supply current 




3 




mA 




•lU 


Input leakage 






±10 


mA 




ICL 


Clock leakage 






±10 
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ST16C1450 

ST16C1451 3 

I- 
O 

AC ELECTRICAL CHARACTERISTICS § 



7^=25" C, Vj^=2.7V to 5.25V unless otherwise specified. 









i innif<s 




finite 








IVIItl 




tltClA 










lyp 






T 
' 1 


Olock hicih Dulse duration 


50 






ns 


Note: 1 


T 

'2 


(Finnic low niil<>p diiratinn 








riQ 


Note* 1 


T 


(^Inrk ri^p/fflll timp 

WlV^OIV IIOC/ICIII III lie 






10 
1 \j 


1 Id 




T» 


Ohin ^plpnt <^ptiin timp 


35 






ns 




T 
'9 


Chlo select hold time 









ns 




T 

' 12 


Data setuD time 

L^dl.GI LIIIIW 


15 






ns 




T 

' 13 


Data hold time 


15 






ns 




T 

' 14 


low* delav from chio select 


10 






ns 




T„ 


low* strnhp width 

IVXVW oil WlVilll 


50 






ns 




T 

' 16 


Chio splect hold time from lOW* 

V/iil|i/ w^iwV/l 1 IV^iVl lllilC IIV/III l%i/ww 









ns 




T, 

' 17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




Ti, 


Data hold time 






45 


ns 




T„ 


ICR* delay from chip select 


10 






ns 




T« 


ICR* strobe width 


65 






ns 




T« 


Chip select hold time from ICR* 









ns 




T« 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


105 






ns 




T» 


Delay from ICR* to data 






35 


ns 


100 pF load 


T» 


Delay from lOW* to output 






50 


ns 


100 pF load 


T« 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 


input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set intenrupt 






^Rdc 


* 


100 pF load 


"^32 


Delay from ICR* to reset intenupt 






200 


ns 


100 pF load 


T3, 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenrupt 






100 


ns 




T3, 


Delay from lOW* to reset interrupt 






175 


ns 




N 


Baud rate devisor 


1 




216-1 







Note 1 : 1 .8432 MHz crystal or Extemal clock 
* = Baudout* cycle 
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ST16C1451 



STARTECH ST16C2450 

Printed February 23, 1994 

DUAL UNIVERSAL ASYNCHRONOUS RECEIVERn"RANSMITTER 



DESCRIPTION 



The ST16C2450 is a dual universal asynchronous 
receiver and transmitter. Independent programmable 
baud rate generators are provided to select transmit 
and receive clock rates from 50Hz to 448kHz for each 
UART section. 

The ST16C2450 is an improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C2450 on board status 
registers provides the enror conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor intenrupt system that may be software 
tailored ta the user's requirements. The ST16C2450 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C2450 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 
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RESET 
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OTRB* 


07 


d 




m 


DTRA" 


RXB 


[10 




m 


RTSA- 


RXA 






m 


CPA* 


MC. 


m. 


snriec2450CJ44 


HI 


N.C. 


TXA 


Bi 




33] 


INTA 


TXB 






m 


INTB 


OPB* 


[I6l 




m 


AO 


CSA- 






u 


A1 


CS8' 


m 




m 


A2 



Plastic-DIP Package 



FEATURES 



► Functional compatible to NS16450, VL16C450, 
WD16C450 

► Modem control signals (CTS*, RTS*, DSR*, DTR*. 
Rl*, CD*) 

» Programmable character lengths (5, 6, 7, 8) 
* Even, odd, or no parity bit generation and detection 

► Status report register 

► Independent transmit and receive control 

► TTL compatible inputs, outputs 

► Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number 

ST16C2450CP40 

ST16C2450CJ44 



Package Operating temperature 
Plastic-DIP 0* C to + 70° C 
PLCC 0** C to + 70** C 



DO 


E 




3 


vcc 


D1 






h! 


RIA* 


D2 


E 






CDA* 


D3 








DSRA* 


D4 


\L 




i 


CTSA* 


D5 


\L 




1 


RESET 


D6 


\L 






DTRB* 


D7 


E 






DTRA* 


RXB 


E 


o 


El 


RTSA* 


RXA 


E 




iT] 


OPA* 


TXA 


E 


i 




NTA 


TXB 


E 






isrre 


OPB* 


E 






AO 


CSA* 


^ 






A1 


CSB* 


E 






A2 


XTAL1 


E 






CTSB* 


XTAL2 


E 






RTSB* 


DW* 


E 






RIB* 


CDB* 


E 






DSRB* 


GND 


E 






DR* 



o 

lO 

CM 
O 
(D 

h- 



ST16C2450 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vj^=2.7V to 3.3V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 




v. 


Input low level 


-0.5 




0.8 


V 






Input high level 


2.0 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


\q = 2 mA 


^OH 


Output high level 


2.4 






V 


loH= -2 mA 


Ice 


Avg. power supply current 




3 




mA 




1. 


Input leakage 






±10 


mA 






Clock leakage 






±10 


mA 
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AC ELECTRICAL CHARACTERISTICS 



7^=25** C, V^=2.7V to 5.25V unless otherwise specified. 



oynipot 






Limits 






Codditions 






Mm 


Typ 


Max 
















T 

Ti 


Clock high pulse duration 


c.r\ 
50 






ns 




T 

^2 


Clock low pulse duration 


50 






ns 


External clock 


T 

'3 


Clock rise/fall time 






10 


ns 






Chip select setup time 


To 






ns 




T 

'9 


wHip seieci noia iime 


U 






ns 




•12 


uaia sex up iime 








ns 




'13 


r^Qto holH fimo 
L^dla llUlU mile 


1 






ns 




T 

'14 


iwvv ucidy TiQiii ciiip oeieci 


1 u 






ns 




T.5 


l^^\A/^ 

ivjvv sirooe wiam 


oU 






ns 




T 

'^e 


Chip select hold time from lOW* 


u 






ns 




'17 


\A/rito f^xit^la HaIov/ 

vvnie cyuic ucidy 


oo 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T„ 


Data hold time 






45 


ns 




T^, 


lOR* delay from chip select 


10 






ns 




T« 


lOR* strobe width 


65 






ns 




T„ 


Chip select hold time from lOR* 









ns 




T 


f*\if>\a /*IaIo%/ 

r\6au cycle ueiay 


00 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 


T» 


Delay from lOW* to output 






50 


ns 


100 pF load 


T» 


Delay to set intenrupt from MODEM 






70 


ns 


1 00 pF load 




input 












Tso 


Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T3, 


Delay from stop to set intenrupt 






1 

'Rdk 


ns 


100 pF load 


T3. 


Delay from lOR* to reset intenrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T3. 


Delay from stop to intenrupt 






100 


ns 




T35 


Delay from lOW* to reset Interrupt 






175 


ns 




N 


Baud rate devisor 


1 




216.1 







■ 



Note 1: *= Baudout* cycle 
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STARTECH 



ST16C454 



Printed February 23, 1994 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The ST16C454 is a quad universal asynchronous 
receiver and transmitter. A programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST16C454 is an improved version of the 
NS16C450 DART with higher operating speed and 
lower access time. The ST16C454 on board status 
registers provides the enror conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C454 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C454 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 




i g ? 5 ^ ' ' 



nil I ? ^ M 



FEATURES 



• Quad ST16C450 

• Pin-to-pin compatible to ST16C554 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bitgeneratlon and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C454CJ68 PLCC O*' C to + 70** C 



O 

CD 



CO 



ST16C454 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70** C 

Storage temperature -40'* C to +150** C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



1^=25*' C, V^=2.7V to 3.3V unless otherwise specified. 



Symibol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 




v„ 


Input low level 


-0.5 




0.8 


V 




V,H 


Input high level 


2.0 




VCC 


V 




Vo. 


Output low level on all outputs 






0.4 


V 


loL= 2 mA 


VoH 


Output high level 


2.4 






V 


«oH= -2 mA 


«cc 


Avg. power supply current 




3 




mA 


".L 


Input leakage 






±10 


HA 






Clock leakage 






±10 


mA 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vj^=2.7V to 5.25V unless otherwise specified. 



Syitil^oi 






Lirtitts 




Units 


CoflditidniS: 






Min 


TVD 


Max 
















1 


Clock high pulse duration 


50 






ns 




2 


Clock low pulse duration 


50 






ns 


External clock 


3 


Clock rise/fall time 






10 


ns 




\ 


Chip select setup time 


15 






ns 




9 


Chip select hold time 









ns 




12 


Data set up time 


15 






ns 




13 


Data hold time 


15 






ns 




14 


low* delay from chip select 


10 






ns 






low* strobe width 


50 






ns 




16 


Chip select hold time from lOW* 









ns 




17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 






Data hold time 


15 






ns 




■•"21 


lOR* delay from chip select 


10 






ns 




23 


lOR* strobe width 


65 






ns 






Chip select hold time from lOR* 









ns 




T» 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T2g 


115 






ns 




26 


Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 




Delay to set intenrupt from MODEM 






70 


ns 


100 pF load 


input 














Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 




Delay from stop to set interrupt 






1 

'RdK 


ns 


100 pF load 


^32 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenrupt 






100 


ns 




T35 


Delay from lOW* to reset intenrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1 

'rclk 








Delay from lOR* to reset RxRdy 






1 


^s 






Delay from lOW* to set TxRdy 






195 


ns 






Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1: *= Baudout* cycle 
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STARTECH 



ST68C454 

Printed February 23, 1994 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The ST68C454 is a quad universal asynchronous 
receiver and transmitter with modem control signals. 
Designed to interface with MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An intemal programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST68C454 is an improved, quad version of the 
NS16450 UART with faster operating access time. 
The on board status registers will provide the enror 
conditions, type and status of the transfer operations 
being performed. Complete MODEM control capabil- 
ity, and a processor intenrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 

The ST68C454 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 




i 8 



FEATURES 



• Motorola, Rockwell, Hitachi bus compatible 

• QuadST16C450 

• Modem control signals (CTS*,RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• TTL compatible inputs, outputs 

• Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST68C454CJ68 PLCC 0* C to +70° C 

ST68C454IJ68 PLCC -40** C to +85*^ C 



O 

00 
CO 

CO 



ST68C454 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=2.7Vto 3.3V unless otherwise specified. 



Symbol 


Parameter 








Units 


Condttidns 






Min 


Typ 


Max 














V 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 




V, 


Input low level 


-0.5 




0.8 


V 






input high level 


2.0 




VCC 


V 




Vol 


Output low level 






0.4 


V 


loL= 2 mA on all 












outputs 


VoH 


Output high level 


2.4 






V 


loH= -2 mA 


'cc 


Avg. power supply 
cunrent 




3 




mA 




I.L 


Input leakage 






±10 






"CL 


Clock leakage 






±10 
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AC ELECTRICAL CHARACTERISTICS 

T =25° C, V =2.7V to 5.25V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Unjts 


Conditions 








Typ 


Max 














T, 


Clock high pulse duration 


50 






ns 




T, 


Clock low pulse duration 


50 






ns 


External clock 


T3 


Clock rise/fall time 






10 


ns 




T. 


Chip select setup time 


5 






ns 




T, 


Chip select hold time 









ns 




T„ 


Data setup time 


15 






ns 




T« 


Data hold time from write or CS* 


15 






ns 




T,4 


Write set up time 


10 






ns 






Write strobe width 


50 






ns 




T,s 


Chip select hold time from write 


15 






ns 






Write cycle delay 


45 






ns 






Data setup time 


15 






ns 




Tw 


Write cycle=T,5+T„ 


105 






ns 




T 

'24 


Oafo hrtiH timo 
LJala llUlU III lie 


n 






nc 




T25 


Read cycle delay 


25 






ns 




Tr 


Read cycle=T^8'*'T25 


105 






ns 






Chip select pulse width 


75 






ns 




T» 


Delay from Write to output 






50 


ns 


100 pF load 


T^, 


Delay to set interrupt from MODEM 






35 


ns 


100 pF load 


input 












T3, 


Delay from stop to set interrupt 








ns 


100 pF load 


T32 


Delay from Read to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial IRQ* reset to 


8 




24 


* 




transmit start 












T,4 


Delay from stop to interrupt 






100 


ns 






Delay from Write to reset interrupt 






75 


ns 




T« 


Delay from stop to set RxRdy 






^RCLK 






T« 


Delay from Read to reset RxRdy 






1 


^s 




T« 


Delay from Write to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 





Baudout* cycle 
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ST16C550 



STARTECH 

Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C550 is a universal asynchronous receiver 
and transmitter with 16 byte transmit and receive 
FIFO. A programmable baud rate generator is pro- 
vided to select transmit and receive clock rates from 
50Hz to 448kHz. 

The ST16C550 is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C550 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor intenrupt system that may be software 
tailored to the user's requirements. The ST16C550 
provides intemal loop-back capability for on board 
diagnostic testing. 

The ST16C550 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 



SrieC550CJ44 



39] 

m 
m 
M] 
m 

M] 

m 
u 
m 



DTP" 



5 3 I g i ^ M i I V 
Plastic-DIP Package 



FEATURES 



• Pin to pin and functional compatible to 
NS1 6550, VL1 6C550, WD1 6C550 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with enror flags 

• Modem control signals (CTS*. RTS*, DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C450 

• Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number 

ST16C550CP40 

ST16C550CJ44 

ST16C550CQ52 

ST16C550CQ48 



Package Operating temperature 
Plastic-DIP 0° C to + 70'' C 
PLCC 0° C to + 70" C 

QFP 0** C to + 70** C 

TQFP 0" C to + 70° C 



DO 


K 




40] 


vcc 


D1 








Rl* 


D2 








CD* 


D3 








DSR* 


D4 






ii] 


CTS* 


D5 


H 




35] 


RESET 


D6 








OP1* 


D7 






33] 


DTR* 


RCLK 




o 


32] 


RTS* 


RX 




50CP 


E] 


0P2* 


TX 


El 


16C5 


30] 


INT 


CSO 






29] 


RXRDY* 


CS1 






28| 


AO 


CS2* 






El 


A1 


BAUDOUT* 






H 


A2 


XTAL1 






25] 


AS* 


XrAL2 






Hll 


TXRDY 


low* 






23] 


DDIS* 


low 






22] 


lOR 


GND 








lOR* 



o 

in 
O 

(O 

IT" 



ST16C550 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70** C 

Storage temperature -40VC to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



1^=25** C, V^=2.7V to 3.3V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






■ii 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




V 

* IHCK 


Clock input high level 


2.2 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.0 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


loL= 2 mA 


^OH 


Output high level 


2.4 






V 


loH=-2mA 


'cc 


Avg power supply cunrent 




3 




mA 




l,L 


Input leakage 






±10 








Clock leakage 






±10 
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AC ELECTRICAL CHARACTERISTICS 



1^=25** C, Vj^=2.7V to 5.25V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mill 


Typ 


Max 














T, 


Clock high pulse duration 


50 






ns 




T2 


Clock low pulse duration 


50 






ns 


Extemal clock 


T3 


Clock rise/fall time 






10 


ns 




T, 


Baud out rise/fall time 






100 


ns 


100 pF load 


T, 


Address strobe width 


40 






ns 




Te 


Address setup time 


30 






ns 




T7 


Address hold time 


5 






ns 




T3 


Chip select setup time 


5 






ns 




Ts 


Chip select hold time 









ns 




T10 


CSOUT delay from chip select 


10 




25 


ns 






lOR* to DDIS* delay 






50 


ns 


100 pF load 




Data setup time 


15 






ns 


Note: 1 




Data hold time 


15 






ns 


Note: 1 




low* delay from chip select 


10 






ns 


Note: 1 




low* strobe width 


50 






ns 




Tie 


Chip select hold time from lOW* 









ns 


Note: 1 




Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 






Data hold time 






45 


ns 






lOR* delay from chip select 


10 






ns 


Note: 1 




lOR* strobe width 


65 






ns 






Chip select hold time from lOR* 









ns 


Note: 1 




Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T^e 


Delay from lOR* to data 






35 


ns 


100 pF load 


T.S 


Delay from lOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 
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AC ELECTRICAL CHARACTERISTICS 



7^=25° C, V^=2.7V to 5.25V unless otherwise specified. 



Symbol 


Parameter 




Limits 




units 


Conditions 






iiiiiii 


Typ 


Max 
















T30 


Delay to reset interrupt from lOR* 






70 


ns 


lOOpF load 




input 












T31 


Delay from stop to set interrupt 






^ROk 




100 pF load 




Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to intenrupt 






100 


ns 






Delay from lOW* to reset intenrupt 






175 


ns 






Delay from stop to set RxRdy 






''rclk 








Delay from lOR* to reset RxRdy 






1 


^s 






Delay from lOW* to set TxRdy 






195 


ns 






Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




2^6-1 







Note 1 : Applicable only when AS* is tied low 
* = Baudout* cycle 
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^ STARTECH ST16C1 551/1 552 

Printed February 23, 1994 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



PLCC Package 



The ST16C1 550/51/52 is a universal asynchronous 
receiver and transnnitter with 16 byte transmit and 
receive FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz. 

The ST16C1 550/51/52 is an improved version of the 
SSI 73M1550 and SSI 73M2550 UART with higher 
operating speed and lower access time. The 
ST1 6C1 550/51 /52 on board status registers provides 
the error conditions, type and status of the transfer 
operation being performed. Included is complete 
MODEM control capability, and a processor intenrupt 
system that may be software tailored to the user's 
requirements. The ST16C1 550/51/52 provides inter- 
nal loop-back capability for on board diagnostic test- 
ing. 

The ST16C1 550/51/52 is fabricated in an advanced 
1 .2|x CMOS process to achieve low drain power and 
high speed requirements. 



FEATURES 



»Pin to pin and functional compatible to SSI 
73M1 550/2550 

► 16 byte transmit FIFO 

» 16 byte receive FIFO with error flags 

► Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*. CD*) 

► Programmable character lengths (5, 6, 7, 8) 

» Even, odd, or no parity bit generation and detection 
» Software compatible with INS8250, NS16C550 

► Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number 

ST16C1550CP28 

ST16C1550CJ28 

ST16C1550CQ48 

ST16C1551CP28 

ST16C1551CJ28 

ST16C1551CQ48 

ST16C1552CQ52 



Package Operating temperature 
Plastic-DIP O'* C to + 70* C 
PLCC 
TQFP 
Plastic-Dip 
PLCC 
TQFP 
QFP 



0* C to + 70° C 
0' C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 



a a o a ', 



D4 [T 
D6 [T 
D6 IT 
D7 [T 
RX [T 
TX Qo 
cs* QT 



srieci5eocj28 



IrlHIrlHHHIrl 



»] CTS* 

RESET 
a] DTR* 

HI AD 



D4 (T 

OS [T 

D6 [T 

07 [T 

RX [T 

TX Qo 

cs* [u 



a o o ea > o o 



STieC1561CJ28 



M] CTS' 

h] reset 

Ml DTR' 

13 RTS- 

U] AO 



lHll=iai^HHlrl 



QFP Package 



E S z ^ ^ 




ST16C1550 
ST16C1 551/1 552 



CM 
ID 

T- _ 
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o 
to 

lO 

T- 

<o ABSOLUTE MAXIMUM RATINGS 

^ Supply range 7 Volts 
Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70** C 

Storage temperature -40° C to +1 50° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



7^=25° C, Vj^=2.7V to 3.3V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






iiiiiiiii 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 




V,L 


Input low level 


-0.5 




0.8 


V 




V,H 


Input high level 


2.0 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


'oL= 2 mA 


VoH 


Output high level 


2.4 






V 


«oH= -2 mA 


«cc 


Avg. power supply current 




3 




mA 




I.L 


Input leakage 






±10 


mA 




«CL 


Clock leakage 






±10 


mA 
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AC ELECTRICAL CHARACTERISTICS 2 



7^=25'* C, V^=2.7V to 5.25V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Uniti^ 


Conditions 






Mm 


Typ 


Max 
















Clock high pulse duration 


50 






ns 




\ 


Clock low pulse duration 


50 






ns 


Extemal clock 




Clock rise/fall time 






10 


ns 




T. 


Chip select setup time 


5 






ns 




\ 


Chip select hold time 









ns 






Data set up time 


15 






ns 




T,3 


Data hold time 


15 






ns 




T,4 


low* delay from chip select 


10 






ns 




T,5 


low* strobe width 


50 






ns 




T,e 


Chip select hold time from lOW* 









ns 




T,r 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T„ 


Data hold time 






45 


ns 




T„ 


lOR* delay from chip select 


10 






ns 




T« 


lOR* strobe width 


65 






ns 




T« 


Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 


"^28 


Delay from lOW* to output 






50 


ns 


100 pF load 




Delay to set intenrupt from MODEM 






70 


ns 


100 pF load 


input 














Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 




Delay from stop to set intenrupt 








ns 


100 pF load 


T32 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 




Delay from initial INT reset to transmit 


8 




24 


* 




start 














Delay from stop to interrupt 






100 


ns 




T35 


Delay from lOW* to reset intenrupt 






175 


ns 





Note 1 : * = Baudout* cycle 
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ST16C2550 



Printed February 23, 1994 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST1 6C2550 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFO. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz for each UART. 
The ST16C2550 is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C2550 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C2550 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C2550 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 



OS 


[T 




O 


39] 


RESET 


DC 


[T 






m 




D7 


[I 






37] 


DTRA' 


RXB 


\^o 








RTSA' 


RXA 


QI 








OPA* 


TXRDYB 


[n 




ST16L2550CJ44 


M] 


RXRDYA' 


TXA 


Qi 








INTA 


TXB 










INTB 


OPB* 


[11 






m] 


AO 


CSA' 








53 


A1 


CSB* 


Gi 






H] 


A2 
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Plastic-DIP Package 



FEATURES 

• Pinto pin and functional compatible to ST1 6C2450 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number 

ST16C2550CP40 

ST16C2550CJ44 



Package Operating temperature 
Plastic-DIP 0° C to + 70° C 
PLCC O** C to + 70° C 



DO 


E 




40| 


VCC 


Dl 








RIA* 


D2 


H 




38] 


CDA* 


D3 


K 






DSRA* 


D4 






36] 


CTSA* 


D5 


E 






RESET 


D6 


E 




34] 


DTRB* 


D7 


E 




33] 


DTRA* 


RXB 


E 


f 


32] 


RTSA* 


RXA 


E 


ma 




OPA* 


TXA 


E 


6C2* 


30] 


INTA 


TXB 


E 






INTB 


OPB* 


E 




28) 


AO 


CSA* 


E 






A1 


CSB* 


E 




26] 


A2 


XTAL1 









CTSB* 


XTAL2 


E 






RTSB* 


low* 






23] 


RIB* 


CDB* 


E 




22] 


DSRB* 


GND 


|20 






lOR* 



o 
in 

CM 

O 

CO 



(0 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70° C 

Storage temperature -40** C to +1 50° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T=25° C, Vjjc=2.7V to 3.3V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






llijjill 


Typ 


Max 














V 

^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.0 




VCC 


V 






Output low level on all outputs 






0.4 


V 


loL= 2 mA 




Output high level 


2.4 






V 


loH= -2 mA 


"cc 


Avg. power supply current 




3 




mA 




1. 


Input leakage 






±10 


mA 




'a 


Clock leakage 






±10 
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AC ELECTRICAL CHARACTERISTICS 



T=25° C, \J^=2.7M to 5.25V unless otherwise specified. 









Umits 




uniis 


Conditions 






Min 

iviin 


Typ 


tut 
















T 
' 1 


dock hinh oulse duration 


50 






nc 




T 

'2 


Clock low Dulse duration 


50 






ns 


^AlCI 1 idl UIUOIV, 


T 

' 3 


Clock rise/fall time 






10 


ns 




T 


Chio select setuo time 


5 






ns 




T 


Chip select hold time 









ns 




T 

' 12 


Data set uo time 


15 






riQ 

1 10 




T 

' 13 


Data hold time 


15 






ns 




T 
'14 


IO\A/* delav from chin ^plprt 


10 






nc 
i lo 




T,5 


IO\A/* ctrnKo lA/iHth 








ns 




T 
'16 


f^hin ^p|pr*t hnlH timp frnm IO\A/* 

Wllip OCICWrl IIUIU LIIIIC llUill IWVV 


n 

u 






ns 




' 17 


Write cycle delay 


55 






ns 




Tw 


Write cvcle=T +T 


105 






ns 




19 


Data hold time 






45 


ns 




' 21 


lOR* delay from chip select 


10 






ns 




' 23 


lOR* strobe width 


65 






ns 






Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T 


ueiay irom \\jr\ 10 aaia 






oo 


ns 


100 pF load 


T» 


Delay from lOW* to output 






50 


ns 


100 pF load 


T« 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pF load 




Delay from stop to set intenrupt 






1 


ns 


100 pF load 




Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T„ 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T34 


Delay from stop to interrupt 






100 


ns 




T3, 


Delay from lOW* to reset intenrupt 






175 


ns 




T« 


Delay from stop to set RxRdy 






'^RCLK 






T« 


Delay from lOR* to reset RxRdy 






1 






T« 


Delay from lOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 
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Note 1: *= Baudout* cycle 
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STARTECH 



ST16C2552 

Printed February 23, 199 
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST1 6C2552 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFOs. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz for each UART. 
The on board status registers of the ST16C2552 
provide the enror conditions, type and status of the 
transfer operation being performed. Complete MO- 
DEM control capability and a processor interrupt 
system that may be software tailored to the user's 
requirements are included. The ST16C2552 provides 
internal loop-back capability for on board diagnostic 
testing. 

Signalling for DMA transfers is done through two pins 
per channel ( TXRDY. RXRDY* ). The RXRDY* func- 
tion is multiplexed on one pin with the OP2'^ and 
BAUDOUT functions. CPU can select these functions 
through the Altemate Function Register. 
The ST16C2552 is fabricated in an advanced 1.2^1 
CMOS process to achieve low power and high speed 
requirements. 
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FEATURES 



» Pin to pin and functional compatible to National 
NS16C552 

► 16 byte transmit FIFO 

• 16 byte receive FIFO with enror flags 

» Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

» Programmable character lengths (5, 6, 7, 8) bits 
» Even , odd , or no parity bit generation and detection 

* Status report register 

» TTL compatible inputs, outputs 

► Independent transmit and receive control 

» Software compatible with INS8250, NS16C550 

► Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C2552CJ44 PLCC 0° C to + 70** C 

ST16C2552IJ44 PLCC -40" C to + 85** C 



CM 
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ST16C2552 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70** C 

Storage temperature -40° C to +150'* C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 

1^=25** C, V^=2.7V to 3.3V unless otherwise specified. 



Symbol 


Par£iin^ter 




Limits 




Units 


Conditions 








Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.0 




VCC 


V 






Output low level on all outputs 






0.4 


V 


loL= 2 mA 


^OH 


Output high level 


2.4 






V 


loH=-2mA 


'cc 


Avg. power supply current 




3 




mA 




I.L 


Input leakage 






±10 


mA 






Clock leakage 






±10 


mA 
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AC ELECTRICAL CHARACTERISTICS 



1^=25** C, V^=2.7V to 5.25V unless otherwise specified. 



SyrYibot 






Limits 




Unit$ 


Conditions 






Min 


TVD 


















1 


Clock high pulse duration 


50 






ns 




2 


Clock low pulse duration 


50 






ns 


External clock 


3 


Clock rise/fall time 






10 


ns 






Chip select setup time 


5 






ns 




To 

9 


Chip select hold time 









ns 




12 


Data set up time 


15 






ns 




13 


Data hold time 


15 






ns 




14 


low* delay from chip select 


10 






ns 






lOW* strobe width 


50 






ns 




T,« 

16 


Chip select hold time from lOW* 









ns 






Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




19 


Data hold time 






45 


ns 




Li 


lOR* delay from chip select 


10 






ns 




23 


lOR* strobe width 


65 






ns 




24 


Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 






Delay from lOR* to data 






35 


ns 


100 pF load 




Delay from lOW* to output 






50 


ns 


100 pF load 




Delay to set intenrupt from MODEM 






70 


ns 


100 pF load 


input 












T30 


Delay to reset interrupt from lOR* 






70 


ns 


100 pFload 


T31 


Delay from stop to set interrupt 






1 

'Rdk 


ns 


100 pF load 


T32 


Delay from lOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 




start 












T3. 


Delay from stop to intenrupt 






100 


ns 




T35 


Delay from lOW* to reset interrupt 






175 


ns 




Tse 


Delay from initial Write to interrupt 


16 




24 


* 




T44 


Delay from stop to set RxRdy 






'rclk 






T45 


Delay from lOR* to reset RxRdy 






1 


^s 






Delay from lOW* to set TxRdy 






195 


ns 






Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 
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Note 1 : * = Baudout* cycle 
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ST16C554 

STARTECH ST16C554D 

Printed Febniaiy 23, 1994 

QUAD ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C554 is a universal asynclironous receiver 
and transmitter with 16 byte transmit and receive 
FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz. 

The ST16C554 is an improved version of the 
NS16C550 DART with higher operating speed and 
lower access time. The ST16C554 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C554 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C554 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



• Pin to pin and functional compatible to ST16C454 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with enror flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C554CJ68 PLCC 0" C to + 70*^ C 

ST16C554DCJ68 PLCC 0** C to + 70° C 



PLCC Package 

i . h 




ST16C554 
ST16C554D 



Q 
m 

lO 

O 

(O 

H ABSOLUTE MAXIMUM RATINGS 

CO 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0°C to +70° C 

Storage temperature -40** C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, Vj^=2.7V to 3.3V unless otherwise specified. 



Symbol 


parameter 




Limits 






Conditions 






Mm 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




^IHCK 


Clock input high level 


2.2 




VCC 


V 






Input low level 


-0.5 




0.8 


V 




v,„ 


Input high level 


2.0 




VCC 


V 




Vex 


Output low level on all outputs 






0.4 


V 


loL= 2 mA 


^OH 


Output high level 


2.4 






V 


'oH=-2mA 


'cc 


Avg power supply current 




3 




mA 




'.L 


Input leakage 






±10 


mA 






Clock leakage 






±10 


mA 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V(^=2.7V to 5.25V unless otherwise specified. 









LimttS: 




] inif e 

:::\/[1lta»:::v: 


x■:•:■:•:■:•:•^:•:■:.^^#«■if%■#|:^*S■^M*(•^^^^:.■.■•■••■r.^ 

\« VMU IllOtlS 






IVIIII 




May 










lyp 






T 


Clock high pulse duration 


50 






ns 




T 

' 2 


Clock low pulse duration 


50 






ns 


External clock 


' 3 


Clock rise/fall time 






10 


ns 




T„ 

8 


Chip select setup time 


5 






ns 




9 


Chip select hold time 









ns 




12 


Data setup time 


15 






ns 




13 


Data hold time 


15 






ns 




T 

' 14 


low* delay from chip select 


10 






ns 




T 

' 15 


low* strobe width 


50 






ns 




T 

' 16 


Chio select hold time from lOW* 









ns 




17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




19 


Data hold time 


15 




25 


ns 




21 


lOR* delay from chip select 


10 






ns 




23 


lOR* strobe width 


65 






ns 






Chip select hold time from lOR* 









ns 






Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T 


from lOR* fn fiaia 
L^ciay iiuiii iwrx lu uciici 






00 


ns 


iUU pr lOaU 


T.. 


Delay from lOW* to output 






50 


ns 


100 pF load 


T» 


Delay to set intenrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset intenrupt from lOR* 






70 


ns 


100 pF load 


T3, 


Delay from stop to set interrupt 






'Rdk 


ns 


100 pF load 




Delay from lOR* to reset intenrupt 






200 


ns 


100 pF load 


"^33 


Delay from initial INT reset to transmit 


8 




24 


* 






start 














Delay from stop to interrupt 






100 


ns 






Delay from lOW* to reset intenrupt 






175 


ns 




T« 


Delay from stop to set RxRdy 






1 

'rclk 






T« 


Delay from lOR* to reset RxRdy 






1 


^s 






Delay from lOW* to set TxRdy 






195 


ns 




T„ 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 
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Note 1: * = Baudout* cycle 
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« STARTECH 



ST68C554 

Printed February 23, 1994 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER WITH FIFO 



DESCRIPTION 



The ST68C554 is a quad universal asynchronous 
receiver and transnnitter with FIFO and nnodem con- 
trol signals. Designed to interface with MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An internal programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 448kHz. 
The ST68C554 is an improved, quad version of the 
NS16550 UART with faster operating access time. 
The on board status registers will provide the error 
conditions, type and status of the transfer operations 
being performed. Complete MODEM control capabil- 
ity, and a processor intenrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 

The ST68C554 is fabricated in an advanced 1.2|i 
CMOS process to achieve low drain power and high 
speed requirements. 
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FEATURES 



► Motorola, Rockwell, Hitachi bus compatible 
^QuadST16C550 

► 16 byte transmit FIFO 

* 16 byte receive FIFO with enror flags 

» Modem control signals (CTS*.RTS*, DSR*, DTR*. 
Rl*, CD*) 

* Programmable character lengths (5, 6, 7, 8) 

* Even, odd, or no parity bit generation and detection 
» Status report register 

* TTL compatible inputs, outputs 

» Operating supply from 2.7V to 5.25V 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST68C554CJ68 PLCC 0^ C to +70*^ C 

ST68C554IJ68 PLCC -40° C to +85** C 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0** C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T^=25° C, \/^=2.7\/ to 3.3V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Unit^ 


Conditions 






Min 


Typ 


Max 














^ILCK 


Clock input low level 


-0.5 




0.4 


V 




V 


Clock input high level 


2.2 




VCC 


V 




V,u 


Input low level 


-0.5 




0.8 


V 






Input high level 


2.0 




VCC 


V 




Vol 


Output low level 






0.4 


V 


Iql= 2 mA on all 
outputs 


V 

"oh 


Output high level 


2.4 






V 


loH= -2 mA 


'cc 


Avg. power supply 
current 




3 




mA 


I.L 


Input leakage 






±10 








Clock leakage 






±10 
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AC ELECTRICAL CHARACTERISTICS 



T^=25° C, V^^=2.7V to 5.25V unless otherwise specified. 



Symbol 


Parameter 


Min 


Limits 
TvD 




Units 


Vl>\^l Im rlil VI l'9 


T 
' 1 


Clock high pulse duration 


50 






ns 






Clock low pulse duration 


50 






ns 


Extemal clock 


3 


Clock rise/fall time 






10 


ns 




8 


Chip select setup time 


5 






ns 




T 

'9 


Chip select hold time 









ns 




T„ 


Dflta <>ptijn tlmp 

L^CIICI w^lUl^ IIMIC 


1 iJ 






nc 
i lo 




T 

' 13 


Data hold timp from writp nr HJ^* 

Li^CllCl IIV^IVJ III lie IIV^III Wl lie vil 


1 S 






nc 
1 10 




' 14 


Write set up time 


10 






ns 




' 15 


Write strobe width 


50 






ns 




16 


Chip select hold time from write 


15 






ns 




17 


Write cycle delay 


45 






ns 




18 


Data setup time 


15 






ns 




Tw 


Write cycle=T^5+T^7 


105 






ns 




T 

'24 


Data hold time 









1 10 






Read cycle delay 


25 






ns 




Tr 


Read cycle=T^8'*"^25 


105 






ns 




T„ 


Chip select pulse width 


75 






ns 




T» 


Delay from Write to output 






50 


ns 


100 pF load 




Delay to set intenrupt from MODEM 






35 


ns 


100 pF load 


input 










T3, 


Delay from stop to set intenrupt 






Irc 


ns 


100 pF load 


T„ 


Delay from Read to reset intenrupt 






200 


ns 


100 pF load 


T33 


Delay from initial IRQ* reset to 


8 




24 


* 




transmit start 












T34 


Delay from stop to intenrupt 






100 


ns 




T3. 


Delay from Write to reset intenrupt 






75 


ns 




T« 


Delay from stop to set RxRdy 












T« 


Delay from read (CS*) to reset RxRdy 






1 


MS 




T« 


Delay from write to set TxRdy 






195 


ns 




T„ 


Delay from start to reset TxRdy 






8 


* 





* = Baudout* cycle 
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STARTECH ST78C35 

Printed February 23, 1994 

GENERAL PURPOSE INPUT/OUTPUT PORT WITH 128 BYTE FIFO 



DESCRIPTION 



The ST78C35 Is a monolithic Bidirectional Parallel 
port designed to operate as a general purpose I/O port. 
It contains all the necessary input/output signals to be 
configured as a CENTRONICS printer port. 
The ST78C35 is a general purpose input/output 
controller with 128 byte internal FIFO. FIFO operation 
can be enabled or disabled and configured for either 
direction. For CENTRONICS printer operation, all 
registers are mapped to IBM printer port registers. 
The ST78C35 is designed to operate as normal 
printer interface without any additional settings. 
Contents of the FIFO will be cleared after reset or 
setting the INIT pin to a low state. The auto FIFO 
operation starts after the first ACK* is received from 
the printer. Contents of the FIFO transfer to the printer 
at the printer loading speed. The ST78C35 FIFO can 
operate as input or output by setting the port direction. 
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Plastic-DiP Package 



FEATURES 



• 128 Byte input/output FIFO 

• 5 General purpose input ports 

• 8 Bidirectional ports 

• 4 Open drain input/output ports 

• Replaces all TTL logic for IBM printer port 

• IBM printer port register compatible 

• 4 User programmable strobe pulse widths 

• Selectable FIFO trigger level 

• Intel / Motorola bus compatible 



ORDERING INFORMATION 



Part number 

ST78C35CJ44 

ST78C35CP40 

ST78C35IJ44 

ST78C35IP40 



Package Operating temperature 
PLCC 0° to + 70° C 

Plastic-DIP 0° to + 70** C 
PLCC -40'* to + 85** C 

Plastic-DIP -40** to + 85** C 
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lOR* 
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AOK* 
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Hi 


A1 


PE 
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AO 


MODE 


H 






A2 


D7 








PD7 


D6 


H 
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PD6 


D5 
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PD4 


D3 


El 
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PD3 


D2 


Ee 






PD2 


D1 


i 
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PD1 


DO 








PDO 
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GND 


IRQ 








SLOW 


XTAL1 
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INfT 


XTAL2 
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OS* 
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STROBE* 


GND 








RESET 
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SYMBOL DESCRIPTION 



SymllO) 


iiiiiiilH 


Signai Type 


Pin Description 


ERROR 


1 




General purpose input or CENTRONICS ERROR input pin. 


SLOT 


2 




General purpose input or CENTRONICS SLOT input pin. 


BUSY 


3 




General purpose input or CENTRONICS BUSY input pin. 


ACK* 


4 




General purpose input or CENTRONICS ACK* input pin. 


PE 


5 




General purpose input or CENTRONICS PE input pin. 


MODE 


8 




Intel / Motorola Bus select. ST78C35 is set to Intel bus 
fomnat when this pin is connected to VCC and Motorola bus 
format when this pin is connected to GND. 


D7-0 


9-16 


I/O 


Data bus. 


DTACK 


17 


o 


Data acknowledge output. This pin goes low when data has 
been accepted by ST78C35. 


IRQ 


19 





Interrupt output. Three state output when not enabled. 
Polarity of this pin can be selected via setup register bit-7. 


XTAL1 


20 


1 


Crystal or External clock input. Crystal connection between 
XTAL1 and XTAL2 input/output pins. 


XTAL2 


21 


o 


Crystal output pin. 


CS* 


22 


1 


Chip select input. Read and write operation to ST78C35 is 
active when this pin is low. 


GND 


23 


o 


Supply ground pin. 


RESET 


24 


1 


Reset input pin. Polarity of this pin changes when ST78C35 
is configured for Intel or Motorola bus format. This pin is 
active high when Intel format is selected and active low 
when Motorola bus format is selected. 


STROBE* 


25 





General purpose open drain output or CENTRONICS 
STROBE* output pin. 



* 44-pin PLCC package 
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SYMBOL DESCRIPTION 





Pin 




Pin np<firinfinn 

r III l^d^M-l l|Jcl\/l 1 


AU 1 Or Da 




O 


General purpose open drain output or CENTRONICS 
AUTOFDX* output pin. 


INIT 


27 


O 


General purpose open drain output or CENTRONICS INIT 
output pin. 


oLU 1 IN 


Oft 


u 


General purpose open drain output or CENTRONICS 
SLCTIN* output pin. 




ou 


n 


ouppiy yiuuiiu piii. 


PD7-PD0 


38-31 


I/O 


General purpose input/output ports or CENTRONICS 
DATA port. 


A2 


39 


1 


ST78C35 A2 address line. 


AO 


40 


1 


ST78C35 AO address line. 


A1 


41 


1 


ST78C35 A1 address line. 


low* 


42 


1 


Write strobe. A low on this pin will transfer the contents of 
the CPU data bus to the addressed register. This pin is used 
as R/W* in Motorola bus format. 


lOR* 


43 


1 


Read strobe. A low on this pin will read contents of ad- 
dressed register. 


VCC 


44 


1 


Power supply input pin. 



PORT REGISTER 

Bidirectional I/O or printer port. 
Writing to this register during output mode will transfer 
the contents of the data bus to the PD7-PD0 ports . 
Reading this register during input mode will transfer 
the states of the PD7-PD0 to the data bus. This 
register will be set to the output mode after reset. 



PR BIT 7-0: 

PD7-PD0 bidirectional I/O ports. 



STATUS REGISTER 

This register provides the state of the printer 
outputs and the interrupt condition. 
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SR BIT 1-0: 

Not used. Are set to "1" permanently. 

SR BIT-2: 

Intenrupt condition. 

0= an intenrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no interrupt is pending 

Reading the STATUS REGISTER will set this bit to 



1= STROBE* pin is in low state 

COMBIT-1: 

AUTOFDX* input pin. 

0= AUTOFDX* pin is in high state 

1= AUTOFDX* pin is in low state 

COM BIT.2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 



SR BIT-3: 

ERROR* input state. 

0= ERROR* input is in low state 

1= ERROR* Input is in high state 



COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1= SLCTIN* pin is in low state 



SR BIT-4: 

SLCT input state. 

0= SLCT input is in low state 

1= SLCT input Is in high state 



COM BIT-4: 

Interrupt nnask. 

0= Intenrupt is disabled 

1= Intenrupt is enabled 



SR BIT-5: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 

SR BIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 

SR BIT-7: 

BUSY input state. 

0= BUSY input is in high state 

1= BUSY input is in low state 



COMMAND REGISTER 

The state of the four open drain output pins 
(STROBE*. AUTOFDXT*. INIT. SLCTIN*), and 
interrupt enable bit can be read by this register 
regardless of the I/O direction. 

COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 



COM BIT 7-5: 

Not used. Are set to T permanently. 



CONTROL REGISTER. 

Writing to this register will set the state of the four open 
drain output pins (STROBE*. AUTOFDXT*. INIT, 
SLCTIN). and intenrupt mask register. 

CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1= STROBE* output is set to low state 

CONBIT-1: 

AUTOFDX* output control bit. 

0= AUTOFDX* output is set to high state 

1= AUTOFDX* output is set to low state 

CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1= INIT output is set to high state 
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CON BIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1 = SLCTIN* output is set to low state 

CONBIT-4: 

interrupt output control bit. 

0= IRQ output pin is disabled. Set to three state 

1= IRQ output pin is enabled 

CON BIT-5: 

I/O select. Direction of the PD7-PD0 can be 
selected by setting or clearing this bit. 
0= PD7-PD0 are set for output mode 
1= PD7-PD0 are set for input mode 

CON BIT 7-6: 
Not used. 



SETUP REGISTER 

This register sets the ST78C35 operating 
conditions. 

STR BIT-0: 

FIFO select bit. 
0=FIFO disable (default) 
1 =FiFO enabled (128 bytes) 

STRBIT1-2: 

Interrupt source select bits. 



STR^2 


STR-1 


CONDITIONS 








Single character interrupt (ACK*) 





1 


FIFO empty Interrupt 


1 





Programmable trigger level 






intenrupt 


1 


1 


FIFO full intenrupt 



STR BIT3^: 

Strobe width select bits. 



STR-4 


STR-3 


CONDITIONS 








Strobe width=1ps 





1 


Strobe width=2ps 


1 





Strobe width=5MS 


1 


1 


Strobe width=1 Ops 



STR BIT-6: 

Interrupt vector select bit. 

0=Normal interrupt output. Contents of the interrupt 
register is read when Address 01 Hex is read. 
1=lnterrupt vector source selected. Contents of the 
interrupt vector register is read when Address 01 
Hex is read. 

STR BIT-7: 

Interrupt polarity select biL 

0= Interrupt output pin is active low. 

1=lnterrupt output pin is active high. 



FIFO STATUS REGISTER 

This register provides the FIFO enable/disable and 
FIFO counter location. 

FSRbit-0: 

0=FIFO disabled 
1=FIFO enabled 

FSR1-7: 

In Use FIFO locations in Hex format. 



FIFO INTERRUPT TRIGGER REGISTER 

User selectable software control FIFO trigger level 
interrupt select register. 

FIT BIT-0: 

0=Normal. Intenrupt selected from setup register 
1=FIF0 trigger level. ST78C35 interrupt output is 
set when FIFO count reached to FIFO trigger level. 

FIT BIT1-7: 
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FIFO trigger select level In Hex format. 



USER DEFINED INTERRUPT VECTOR REGISTER 

ST78C35 provides user defined intenrupt service 
jump routine. 

IVR BITO-7: 



PRINTER PORT PROGRAMMING TABLE: 



A2 


A1 


AO 


low 


lOR* 











PORT REGISTER 


PORT REGISTER 








1 




STATUS REGISTER 





1 





CONTROL REGISTER 


COMMAND REGISTER 





1 


1 


SETUP REGISTER 


SETUP REGISTER 


1 








FIFO INTERRUPT TRIGGER REGISTER 


FIFO STATUS REGISTER 


1 





1 


INTERRUPT VECTOR REGISTER 


INTERRUPT VECTOR REGISTER 
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ST78C35 PRINTER PORT REGISTER CONFIGURATIONS 



PORT REGISTER (READ/WRITE) 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 


STATUS REGISTER (READ ONLY) 


D7 


06 


D5 


D4 




D2 


01 




BUSY* 


ACK 


PE 


SLCT 


ERROR 
STATE 


IRQ 


1 


1 


COMMAND REGISTER (READ ONLY) 


D7 


D6 


D5 


D4 




^^^^^ 




DO 


1 


1 


1 


IRQ 

ENABLE 


SLCTIN* 


INIT 


AUTO- 
FDX* 


STROBE* 


CONTROL REGISTER (WRITE ON 


0= IRQ 

disabled 
1=IRQ 

enabled 

LY) 






D6 


D6 


D4 


D3 


D2 


01 


DO 


X 


X 


I/O 

SELECT 


IRQ 
MASK 


SLCTIN* 


INIT 


AUTO- 
FDX* 


STROBE* 




0=Output 
1=lnput 


0=IRQ output 

disabled (three state) 
1=IRQ output 

enabled 
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SETUP REGISTER 



D7 


D6 


D5 


D4 


D3 




D1 


Da 


IRQ 

POLARITY 


INTERRUPT 
VECTOR 


STROBE 


STROBE 
WIDTH SEL 


INTERRUPT 
WIDTH SEL 


INTERRUPT 
SOURCE 


FIFO 
SOURCE 


EN/DIS 



FIFO INTERRUPT TRIGGER REGISTER 



D7 


D6 


DS 


D4 


D3 


D2 


D1 


DO 


FIFO 

TRIGGER-6 


FIFO 

TRIGGER-5 


FIFO 

TRIGGER-4 


FIFO 

TRIGGER-3 


FIFO 

TRIGGER-2 


FIFO 

TRIGGER-1 


FIFO 

TRIGGER-0 


INTERRUPT 
TYPE 



FIFO STATUS REGISTER 



D7 


06 


m 


D4 


D3 


D2 


D1 


DO 


FIFO 

COUNT-6 


FIFO 

COUNT-5 


FIFO 

COUNT-4 


FIFO 

COUNT-3 


FIFO 

COUNT-2 


FIFO 
COUNT-1 


FIFO 

COUNT-0 


FIFO 
STATUS 



INTERRUPT VECTOR REGISTER 



D7 


D€ 


D5 


D4 


D3 


D2 


D1 


DO 


INTERRUPT 
VECTOR-7 


INTERRUPT 
VECTOR-6 


INTERRUPT 
VECTOR-5 


INTERRUPT 
VECTOR-4 


INTERRUPT 
VECTOR-3 


INTERRUPT 
VECTOR-2 


INTERRUPT 
VECTOR-1 


INTERRUPT 
VECTOR-0 
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AC ELECTRICAL CHARACTERISTICS 

T^=25° C, V^=5.0 V ± 5% unless otherwise specified. 



Symbol 


Param^iter 


Limits 
MIn Typ Max 


Unit$ 


Conditions 
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ABSOLUTE MAXIMUM RATINGS 



Operating supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts ± 5% 
GND-0.3 V to VCC+0.3 V 
0" C to +70^ C 
-40** C to+ISO^'C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 

7^=25** C, V^^=5.0 V ± 5% unless otherwise specified. 



Symbol 



Parameter 



Clock input low level 
Clock input high level 
Input low level 
Input high level 
Output low level 



Output high level 



Avg power supply 
cunrent 
Input leakage 
Clock leakage 



Min 


timlis 
Typ 


Max 


-0.3 




0.6 


3.0 




Vcc 


-0.3 




0.8 


2.2 




Vcc 






0.4 


2.4 










12 






±10 






±10 



V 
V 
V 
V 
V 



mA 

mA 



Conditions 



= 6.0 mA D7-D0 
Iq = 20.0 mA PD7- 
PDO 

loL=10mA 
SLCTIN*. INIT*. 
STROBE*. 
AUTOFDXT* 
\q = 6.0 mA on all 
other outputs 

lo„= -6.0 mA D7- 
DO 

loH= -12.0 mA 
PD7-PD0 
lo„= -0.2 mA 
SLCTIN*, 
INIT*,STROBE*, 
AUTOFDXT* 
lo„= -6.0 mA on all 
other outputs 
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STARTECH ST78C36 

Printed February 23, 1994 

ECP/EPP PARALLEL PRINTER PORT WITH 16 BYTE FIFO 



DESCRIPTION 



PLCC Package 



The ST78C36 is a monolithic Bidirectional ECP/EPP 
Parallel port designed to operate as a general purpose 
I/O port. It contains all the necessary input/output 
signals to be configured as a CENTRONICS printer 
port, MicroSoft/HP ECP, IBM EPP smart printer port. 
The ST78C36 is a general purpose input/output 
controller with 16 byte intemal FIFO. FIFO operation 
can be enabled ordisabled. ForCENTRONICS printer 
operation, all registers are mapped to IBM printer port 
registers. 

The ST78C36 is designed to operate as normal 
printer interface without any additional settings. 



DRQ [T 
DACK [T 
IRQ [T 
AEN [jO 
CS* QT 
AO [12 
A1 01 
A10 Qi 
lOR* [l? 
low Q? 
REFRESH [W 



35 gHbgSs^^ 

Fxx<co2a)Ouj<m 



ST78C36CJ44 



§85SSSS8Bit 



PE 

38l SELECT 
37] VCC 

PDO 
^ PD1 
M] PD2 
^ PD3 
^ PD4 
31] PD5 

PD6 
»] PD7 



FEATURES 



• 16 bytes of printer output FIFO 

• Bi-directional parallel port 

• Bi-directional I/O ports 

• Register compatible to IBM XT, AT, compatible 
386, 486 

• Microsoft ECP compatible. 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST78C36CJ44 PLCC 0° C to + 70*^ C 

ST78C36IJ44 PLCC -40° C to + 85° C 

ST78C36CQ48 TQFP 0° C to + 70° C 
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STARTECH ST56C5XX 



Printed February 23, 1994 

ADVANCED HIGH PERFORMANCE SUPER-l/0 CONTROLLER 



DESCRIPTION 



The ST56C5XX is an advanced high performance 
super-i/O controller, designed to replace the IDE 
controller, four Floppy controllers, two serial 
ST16C550 UART's with advanced Microsoft/Hewlett 
Packard ECP, IBM ERR printer port and game port. 
The ST56C5XX utilizes digital phase locked loop for 
the floppy controller section to eliminate the external 
components ( except the main crystal ). The 
ST56C5XX is optimized for motherboard applications 
as well as controller board applications. ST56C5XX 
provides high ESD circuits on the printer data bus and 
I/O to prevent damage caused by the printer being 
powered when the ST56C5XX is not powered. 



FEATURES 



• Licensed CMOS WD37C65C floppy controller. 

• Supports vertical recording format 

• 100% IBM compatible 

• 48 mA drivers and schmitt Trigger inputs. 

• DMA enable logic 

• FDC primary and secondary address selection 

• Two 16C550 serial ports 

• Microsoft/Hewlett Packard Bi-directional ECP 
parallel port 

• IBM ERR (Enhanced Printer Port) 

• 16 bit IDE interface and decode logic 

• Game port 

• 100 pin TQFP and QFP packages 

• Low power CMOS 1 .2^ technology 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST56C5XXCQ1 00 QFP 0° C to + 70° C 

ST56C5XXCTQ100 TQFP 0° C to + 70° C 



ST56C565 
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APPLICATION NOTES 



GENERAL APPLICATION NOTE FOR STARTECH UART FAMILY 



The AN-450 provides additional information to guide 
users to design or utilize the STARTECH product line. 
This document can also be used for all the 
STARTECH UART product lines. 

GENERAL INFORMATION 

STARTECH offers UART's with or without FIFO capa- 
bilities, and are marked as45X for non FIFO families 
and 55X for FIFO families. All parts with sharing part 
numbers are foot print compatible in some extent, like 
ST16C450 and ST16C550, ST16C2450 and 
ST16C2550, etc. 

This section will describe general terms for commonly 
used flags and registers. 

OVERRUN ERROR: 

The flag is set to "1 " to warn the user that a serial data 
has been received and previous serial data has not 
been read from receive holding register. The new 
serial data will over write the previous data in the 
receive holding register. Note that previous serial data 
has been lostand user does not have an access to that 
data. 

PARITY ERROR: 

This flag is set "1 " to indicate that received serial data 
contains mismatched parity or data bit enror in the 
received data. 

PARITY: 

Four common types of parities are used in the 
STARTECH Uart families; Odd Parity, Even Parity, 
Forced Marie Parity and Forced Space Parity. 

ODD PARITY: 

Odd Parity is calculated by adding all the "1 's" in a data 
stream and adding a parity bit to the total bits, to make 
the total count an odd number. 

Example -1: A data byte with the following pattern 
1 1 01 001 will require to add a parity bit of "1 " to bring 
the total count for "1 's" to an odd number. Based on 
this data pattem, serial data with odd parity will be 
transmitted as 110100101. 

Example -2: A data byte with the following pattem 
10011000 will require to add a parity bit of "0" to 
maintain the total count of "I's" to an odd number. 



Based on this data pattern, serial data with odd parity 
will be transmitted as 1 001 1 0000. 

EVEN PARITY: 

Even Parity is calculated by adding all the "1 's" in a 
data stream and adding a parity bit to the total bits, to 
make the count an even number. 

Example -3: A data byte with the following pattem 
1 00001 01 will require to add a parity bit of "1 " to bring 
the total count for "1 's" to an even number. Based on 
this data pattern, serial data with even parity will be 
transmitted as 1 00001 01 1 . 

Example -4: A data byte with the following pattem 
00001111 will require to add a parity bit of "0" to 
maintain the total count for "I's" to an even number. 
Based on this data pattem, serial data with even 
parity, will be transmitted as 00001 1110. 

FORCED SPACE PARITY: 

Parity bit on the serial byte is set to "0" regardless of 
total number of "I's" (even or odd counts). 

FORCED MARK PARITY: 

Parity bit on the serial byte is set to T regardless of 
total number of "I's" (even or odd counts). 

FRAMING ERROR: 

The flag is set to "1 " to indicate that received data does 
not have conrect start or stop bits. This can cause when 
the Uarts are set for 8-bits word and receiving a serial 
data of 7-bits word or any mismatched data pattems. 

BREAK SIGNAL INDICATION: 

This flag is set to "1" to wam the user that transmitter 
is sending continuous "0" data without stop bit (RX 
input is low for more that one word). 

TRANSMIT/RECEIVE FIFO: 

STARTECH offers 16 byte transmit FIFO and 16 byte 
receive FIFO for all its products with 55X part num- 
bers. These FIFO's are static 19 X 16 bit RAM with 
control logic to form a ring counter. Initializing the 
FIFO will set the write and read pointers to the same 
location. 



TRANSMIT EMPTY: 

This flag is set "1" to indicate that, there is no 
character in the transmit holding and transmit shift 
register 
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TRANSMIT HOLDING EMPTY: 

This flag is set "1 " to indicate that, there is one or more 
empty locations in the transmit holding register. User 
has to check this bit before loading characters in the 
transmit holding register. In non FIFO mode, user can 
load one character at a time when this flag is set and 
16 characters when FIFO mode is utilized. 



RECEIVER DATA READY: 

This bit is set "1" to indicate that, receiver has one or 
more character in the receive holding register. User 
has to check this bit prior to read receive holding 
register. In non FIFO mode, only one character at time 
can be read. In FIFO mode up to 16 characters can be 
read if time bit is set. 



RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity { if used) + number of stop bits and start bit. 

Example -7: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Charactertime =40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)J = 4.4 characters. 

Example -8: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 



BAUD RATE GENERATOR: 

STARTECH provides a 16 bit digital divider to obtain 
all necessary baud rates. The 16 bit divider is broken 
down in to two 8-bit dividers which will be addressed 
as MSB divider (upper 8-bits) and LSB divider (lower 
8-bits). To calculate the transmit/receive data rate it 
is necessary to know the provided clock rate (fre- 
quency) to STARTECH parts. STARTECH utilizes 16 
clocks for each transniit bit and 16 clocks to sample 
the received data. Note that inorder to access these 



dividers, user has to enable the divisor latch access bit 
through the Line Control Register. 

Bit rate is calculated by: 

Dividing decimal number = (Clock rate) / (16 X bit 
rate). 

To program the digital divider, dividing decimal num- 
ber should be converted to hex (base 16) number and 
split into two 8-bits sections. 

Example -5: To obtain 4800 Hz baud rate, assuming 
1 .8432 MHz input clock, the dividing decimal value is 
( input clock=1 843200) / (1 6 X 4800) = 24 

24 decimal = 001 8 Hex, this value is translated to MSB 
= 00 Hex and LSB = 18 Hex. 



BAUD RATE VERSUS BIT RATE: 

The baud rate defines the width of each bit regardless 
of word, parity and stop bit length. Bit rate, is the rate 
of the transmission which each character is transmit- 
ted or received. The 2400 baud rate transmission is 
translated to 2400 Hz per bit for each character in a 
word. With 2400 baud you can transmit between 7 to 
12 characters per slot. 



PROGRAMMING STEPS: 

The AN-450 provides the easy steps to program 
STARTECH Uart family. Note that all numbers are in 
Hex format not decimal. 

Write 80 Hexto LCR (Line Control Register) to enable 
baud rate generator divider latch 
to set 2400 Hz baud rate: 

write 00 Hex to MSB of baud rate generator (address 
location 1). 

Write 30 Hexto LSB of baud rate generator (address 
location 0). 

Select you word, parity and stop bit format from 
STARTECH Uart data sheet 
to set 8 bits, no parity and one top bit and disable the 
divisor access latch 

write 03 Hex to LCR (Line Control Register) : 

if you need to use Uarts with FIFO, select your receive 
trigger level from data sheeL 
to enable FIFO with 14 character trigger level 
write CF Hexto FCR (FIFO Control Register) 
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enable interrupt sources 

write 01 Hex to lER (Interrupt Enable Register) to 
select receive interrupt. 

to set RTS and DTR outputs to low and enable the 
intenrupt output 

write OB Hex to MCR (Modem Control Register). 

The STARTECH Uart is ready fortransmit and receive 
operation. 

Read MSR (Modem Status Register) to check the 
status of CD, Rl, DSR, CTS input pins. 

Read LSR (Line Status Register). 

For polling applications (non intenrupt mode) user has 
to monitor bit zero of this register to verify valid data 
in the receive holding register. 

Check the Transmit Holding Empty bit before loading 
data in the transmit holding register, 



Parallel Crystal Connections 




ST16C454 
ST16C554 
ST68C454 
ST68C554 



continue the transmission. 



External Clock Connections 



Sri6C450 
ST16C550 
ST16C1450 
ST16C1550 
ST16C2450 
ST16C2550 



ST16C454 
ST16C554 
ST68C454 
ST68C554 



Serial Crystal Connections 



S716C450 
ST16C550 
ST16C1450 
ST16C1550 
ST16C2450 
ST16C2550 



ST16C454 
ST16C554 
ST68C454 
ST68C554 



I 50- 3( 



External Clock 



27pF 



■C2 

27pF 



27pF 



■C2 

27pF 
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C PROGRAM SAMPLE 

; File: sample.c Package:UART init 

; This is a sample code to show how to initialize the UART series of chips 
; from Starlech Semiconductors. 

; This also includes some basic external loop back thru' two different 
; ports using the FIFO capability. 

; This also includes extemal loop back thru a different computer 



#include 


<stdio.h> 






#include 


<string.h> 






#include 


<fcntl.h> 






#define 


TRUE 


1 




#define 


FALSE 







/* These are the various offsets for the registers inside the chip 7 




#define 


RHR 


0x00 /* Receive Holding Register 


7 


#define 


THR 


0x00 /* Receive Holding Register 


7 


#define 


lER 


0x01 /* Interrupt Enable Register 


7 


#define 


FOR 


0x02 /* FIFO control Register 


7 


#define 


ISR 


0x02 /* Interrupt Status Register 


7 


#define 


LCR 


0x03 /* Line control register */ 


#define 


MCR 


0x04 /* Modem Control Register 


7 


#deflne 


LSR 


0x05 /* Line Status Register 


7 


#define 


MSR 


0x06 /* Modem Status Register 


7 


#define 


SCR 


0x07 /* Scratch pad Register 


7 


/* This two offsets are used for defining the baud rate 7 




#define 


DIVLSB 


0x00 /* Divisor LSB latch address 


7 


#define 


DIVMSB 


0x01 /* Divisor MSB Latch address 7 



r\ 

* Program table for baud rate 

* This represents the LSB and MSB divisor latch data 
W 

char baud Jable[8][2] = { 



{0x80,0x01}, 


/*300 7 


{0x60,0x00}, 


/*1200 7 


{ 0x30, 0x00 }, 


7*2400 7 


{OxOc, 0x00 }, 


/* 9600 7 


{0x06,0x00}. 


/* 19K 7 


{0x03,0x00}, 


/* 38k 7 


{0x02, 0x00}, 


/*56k7 


{0x01,0x00} 


/*115k7 
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#define 
#define 
#clefjne 
#define 
^define 
#clefine 
#define 
#define 



/* Baud Rates */ 



COM 
COM 
COM 
COM 
COM. 
COM 
COM. 
COM 



300_ 
1200 
2400 
9600 
19K_ 
38K_ 
56K._ 
115K 



2 
3 
4 
5 
6 
7 








m 



/* Parity */ 

#define _COM_NOPARITY_ 

#define _COM_ODDPARITY_ 1 

#define _COM_EVENPARITY_ 2 

/*Stopbits */ 

#define _COM_STOP1_ 

#define _COM_STOP2_ 1 

#define _COM_STOP1_5_ 1 

/* word length */ 

#define _COM_CHR5_ 

#define _COM_CHR6_ 1 

#define _COM..CHR7_ 2 

#define _COM_CHR8. 3 

/* word length */ 

#deflne _C0M_FIF01_ 

#define _C0M_FIF04_ 1 

#define _C0M_FIF08_ 2 

#define _C0M_FIF014_ 3 

n 

* This function checks the existence of a port. 

* It is very simple. Take the port address then write to the scratch pad 

* an the read it back. If the data read back the same as one that was 

* written then retum TRUE else return FALSE. 
\7 

int 

check_port(com_port) 

int com_port; 

{ 



int i; 



printfCChecking for port %4xH\n",com_port); 
/* Write 1010 1010 (Oxaa) to scratch pad*/ 
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Q printfCWriting AAH in %4xH\n'',com_port); 

□ outportb(com_port + SCR, Oxaa); 

Q. 

Q. 

< /* read it baclc. If it the same then return TRUE 7 
CO i = inportb(com_port + SCR); 

< printfCRead bacic %2xH from %4xH\n",i,com_port); 

if( i == Oxaa) 
retum TRUE; 

else 

retum FALSE; 



} 

n 

* This is the work horse function which actually setups the UART. 

* It needs to know every thing. 
\7 

int 

init_uart(port,baud,parity,data,stop,fifo,trigger) 
int port,baud,parity,data,stop,fifo,trigger; 
{ 



char lcr_byte; 



/* Set divisor latch 7 
outportb(port+LCR, 0x80) ; 

printfCDivisor Latch is %2xH %2xH (High Low)\n", 

baud_table[baud][1],baudjable[baud][0]); 
outportb(port+DIVLSB, baudltable[baud][0]) ; 
outportb(port+DIVMSB. baudjable[baud][1]) ; 



/* Reset to normal Programming 7 

/* Program the lcr_byte for the above parameters 7 

lcr_byte = 0x00; 

lcr_byte = data; /* Set the bitO & bit1 for word length 7 
lcr_byte ;= stop « 3; /* Set the bit2 for stop bit 7 
if(parity != _COM_NOPARITYJ { 

lcr_byte ;= 1 « 4; /* Set the bit3 for parity 7 

if(parity == _COM_EVENPARITYJ 
terabyte ;= 1 « 5; /* Set the bit4 for EVEN parity 7 

} 

printfCLCR byte is %2xH\nMcr_byte); 
/* Program LCR 7 
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outportb(port+LCR, lcr_byte) ; C 

if(fifo){ H 
char fifo_byte; O 

z 

printf("Programming FIFOs without DMA mode\n"); g 

H 

/* Have to first set the fifo enable */ n 
fifo_byte = 0x01; 
outportb(port+FCR,fif o_byte) ; 

/* Now program the FIFO */ 

fifo^byte = 0x07; /* set bitO - FIFO enable. Reset RCVR and XMIT FIFO */ 
fifo_byte ;= trigger « 7; /* set bit6 and bit7 with the trigger level */ 

/* Program FOR*/ 
outportb(port+FCR,fifo_byte); 
ife(inportb(port + ISR) & OxcO)) { 

printfCThis port %4xH does not have FIFOsXn"); 

printf("Hence did not program Enable FIFOs\n"); 

} 

} 

/* Program lER */ 

printfCProgramming lER for intenrupt on bitO RCV holding Register\n"); 
outportb(port+IER, 0x01); 

return TRUE; HI J 



n 

* This is the test mode. 

* It gets the address of the ports checks to see if they are there. 

* Note: If a driver already exists I am not sure how to temporarily remove it. 

* Well we will wonry about it later. 

* Warn the use to remove any drivers that are on the ports. 

* Especially the mouse driver. 

* pass the address to the test552 routine. 
W 

inttest modeO 
{ 

int ij.k; /* generic variables */ 

charport1[10], port2[101; 

int pti ,pt2; /* this are the integer port numbers */ 



void test5520; 

printfCWARNING: This program will not work if the ports to be tested\n"); 
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(3 printfC have drivers installed in them, e.g Mouse driverXn"); 

Ij printff Please remove the drivers before doing this testAn"); 
Q. 

< while(TRUE) { 

(0 printf ("First Port Address (In HEX) > 

b scanfcros-.porti); 

< pt1 = strtol(port1,NULL,16); 
=5 fflush(stdin); 

n 

* Check if this port exists, else loop 
W 

if(check_port(pt1)) 
break; 

printffError: Port %4xH does not exist. Try again\n",pt1); 

} 



while(TRUE) { 
printfCSecond Port Address (In HEX) > "); 
scanf("%s".port2); 
pt2 = strtol(port2,NULL.16); 
fflush(stdin); 
/*\ 

* Check if this port exists, else loop 
W 

if(check _port(pt2)) 
break; 

printfCEnror: Port %4xH does not exist. Try again\n",pt2); 

} 

/* Test 554 with the two port addresses */ 
test552(pt1,pt2); 

retumTRUE; 



n 

* It first generates a random number for the data size to be generated. 

* Then generates a random data whose length is equal to the data size. 

* It puts it out on both the ports and polls for the interrupt to occur. 

* It reads both the ports until all characters are received OR a timeout 

* has occured. It then prints out the error Messages if any. 

* This loop is done for ever. 
\7 
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void test552(p1 ,p2) 
unsigned int p1 , p2; 
{ 

int ij.c.w.n; 

unsigned char outbuf[20], inbuf1[20], inbuf2[20]; 
unsigned cliar pbuf[200]; 
unsigned long timeout, pass; 



printfCST16C552 External Loop Test BeginningVn") ; 
printfCTesting ports %4x and %4x\n\n", p1, p2) ; 

printffPrograming ports for 56K,8 bit.no parity.l stop bit.FIFO trigger level 01\n"); 

printfCThis program uses POLLED mode for testing\n"); 

printfCPress Cntri-C to stop the testing and quitXn"); 

printfCNote: The ports will remain at the above settings after the TESTXn"^; 

/* Programming ports for 8 bits, no parity, 56K baud, 

FIFO enabled at level 01 */ 

/* Program first port */ 

printf ("Programming port %x4\n",p1); 

init_uart(p1,_COM_56K_,_COM_NOPARITY_, 

_C0M_CHR8_,_C0M_ST0P1_,TRUE,_C0M_FIF01J; 

/* Program Second Port */ 
printfCProgrammIng port %x4\n",p2); 
init_uart(p2,_COM_56K_,_COM_NOPARITY_, 

_COM_CHR8_,_COM_STOP1_,TRUE,_COM_FIF01J; 

printf{"Starting testXn^; 
for (pass = 1 ; ; pass++) { 

/* generate random size for data */ 

n = randO ; 

n += n » 8 ; 

n &= OxOf ; 

/* Make sure we never get a as the random size data 7 
if(n != OxOf) 
n++ ; 

/* generate random data 7 
for (w = ; w < n ; w++) { 

= randO ; 

c += » 8 ; 

&= Oxff ; 

;= 0x01 ; /* no NULLs allowed 7 
outbuf[w] = ; 

} 
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5 outbuf[w] = NULL; 

-J 

g- printfC******** Pass %10ld Sending %d *********\015", pass, n) ; 

< 

CO /* Transmitt the data 7 

^ for (i = ; i< n ; i++ ) { 

< outportb(p1 , outbuf[i]) ; 

^ outportb(p2, outbuf[i]) ; 

} 



/* loop waiting for intr pending */ 
for(i = 0;;i++){ 

if ((-inportb{p1+ISR) & 0x01) && (-inportb(p2+ISR) & 0x01)) 
break; 

} 

/* receive data until ail has been received OR timeout */ 

timeout = OxOOOSF ; 

for(i=j = 0;((i<20)&&0<20));){ 

if (lnportb(p1+LSR) & 0x01) inbuf1[i++] = inporlb(pl) ; 

c = randO ; 

c+=c»8; 

c &= 0x001 f; 

C++ ; 

for ( ; c != 0; c— ) ; 

if (inportb(p2+LSR) & 0x01) inbuf20++] = lnportb(p2) ; 
if (timeout— == 0) break ; 

} 

/* If timed out then print message else comparse data 7 
if(timeout == ) 

printf("Timed out on PortsXn"); 
else { 

inbuf1[l] = inbuf20] = NULL; 

/* compare results 7 

if {strcmp(outbuf, inbufi) ;; ( 11= n)) { 

printfC\nError:%04x Sent: p2) ; 

for ( w = 0; w < n; w++ ) 

printfC %02x", outbuf[w]) ; 

printf("\n%04x Received:", pi) ; 

for ( w = 0; w < i; w++ ) 

printfC%02x", inbufi [w]) ; 

printfC\n") ; 

} 

if (strcmp(outbuf, inbuf2) ;; ( j != n )) { 
printfC\nError:%04x Sent: ".pi); 
for ( w = 0; w < n; w++ ) 

printfC %02x", outbuf[w]) ; 
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printf{'\n%04x Received:", p2) ; 
for ( w = 0; w < j; w++ ) 

printfC %02x", inbuf2[w]) ; 
printf("\n") : 

} 

} 

} 

} 
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APPLICATION NOTES 

GENERAL APPLICATION NOTE FOR STARTECH CLOCK FAMILY 



The ST49CXXX video / memory clock chips provide 
5-1 30 MHz clock outputs which may cause unwanted 
EMI problems. 

To minimize problems with meeting FCC EMI require- 
ments, consideration should be given to the following 
sections of the board design. 

Power supply conditioning 

Printed Circuit Board Layout 

Video / Memory clock outputs and drive capabilities 

Extemal clock sources 

Reference clock sources 

Digital control / select inputs 

Extemal loop filters 

Power supply considerations 

Some of the ST49CXXX clock chip contained internal 
loop filters for VCO circuits and some utilize external 
components. In both cases it is required to have spike 
free ( or minimum ) and stable supply source to the 
chips. To provide stable and clean supply voltage to 
STARTECH clock chips we recommend to use 0.1 ^iF 
capacitors close to IC's power supply lines (VCC, 
AVCC and DVCC inputs). Analog and digital supply 
lines are separated from each other to reduce noise 
generated due to internal digital switching. 
In most of the design cases +5V and +1 2Vsupplies are 
provided. A clean +5V supply can be obtained from 
the +12V supply by utilizing a 470^^ drop resistor and 
5.1V zener diode bypassed by 0.047|iF and 2.2^F 
Tantalum capacitors ( or higher ) to ground. 
Trace width should be maximized from the supply 
source and good ground planes on top and bottom 
layers of the printed circuit board are recommended. 



Printed Circuit Board (PCB) layout 

We recommend to place all extemal components as 
close as possible to the clock chips to reduce trace 
length between pin and component connections. It is 
important to keep components not related to clock IC's 
( DRAM and other memory devices ) far and not share 
the grounds, in applications utilizing a multi-layer 
board, GND, AGND, and DGND should be directly 
connected to the ground plane. 



Video / Memory clock outputs and drive capabili- 
ties 

Video clock is usually the highest frequency present in 
video graphics system board/card and consideration 
should be given to FCC EMI requirements. 
The trace connecting DCLK and MCLK clock output 
pins to other components should be kept as close as 
possible and ferrite beads should be used ( with 
optional 33Q resistor in series with ferrite beads ) to 
reduce the possible emitting signals and jitter. 



External clock sources 

When an extemal clock source is used to bypass the 
internal VCO to DCLK and MCLK outputs, clock 
should have fast rise / fall times and minimum jitter. 
This signal will be connected intemally to the clock 
output pin when it is selected / enabled. The internal 
VCO circuit will be locked to its internal selected 
frequency. 



Reference clock sources 

The internal oscillator circuit contains all of the pas- 
sive components required for the extemal crystal. An 
appropriate parallel resonant crystal should be con- 
nected between XTAL1 and XTAL2. 
The crystal leads and input pins should be maintained 
as close as possible, and the body ofthe crystal should 
be grounded to minimize the noise pickup. For IBM 
compatible applications, the 14.31 81 8 MHz system or 
crystal clock is used as a reference clock to the chip. 

Digital control / select inputs 

The ST49CXXX provides TTL compatible address 
select and latch input pins to interface with CMOS or 
TTL / LSTTL devices. The A0-A4 and MO-MI can also 
be connected to the Data bus if required. 
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EXAMPLE - 1 : 

SUPPLV CONNECTION FROM M2V SUPPLV 




EXAI1PLE-2: 

SUPPLV CONNECTION FRO 11 -'•5V SUPPLV 
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QUALITY AND RELIABILITY 



1.0 Quality and Reliability information 

The STARTECH semiconductor quality program 
starts with the design of new products. Each design 
circuit performance is verified using simulations over 
voltage and temperature values beyond those of 
specified product operation. 

The design process includes consideration of quality 
issues such as signal levels, power dissipation, noise 
generated from internal clock circuits and testability 
of ail device functions. 

The STARTECH semiconductor document control 
department maintains control over all manufacturing 
specifications, lot travelers, procurement specifica- 
tions and drawings and test programs. 



All changes of design are subject to approval by the 
Engineering, Quality and Manufacturing managers. 

STARTECH semiconductor performs a thorough in- 
ternal product qualification prior to the delivery of any 
new product or enhanced existing products other than 
prototypes/samples. 



1.1 Design Tools 

Schematics entry: 
Logic & Fault simulators: 

Layout Synthesis: 

Layout Editor: 
Layout Verification: 



View Logic 
Startech Advanced 
Logic simulator 
Goliath (Startech 
Layout synthesis) 
Opal 
Dracula 





4/20 
16MB 
irMono 





Versatec 
36" Color 
Plotter 



1 50 Mb Cat. Tape 550 Mb CD-Ron 



HP Laseijet III 



< 
-J 
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QUALITY / RELIABILITY 



t 150 samples from three different product lots are 
5^ selected to perform extended temperature operation 
D test, 85** 01 85% R.H. / 5.5V temperature humidity 
O bias. Same samples are used for accelerated burn-in 
and electro-static tests. 

STARTECH semiconductor subcontracts its fabrica- 
tion process to ORBIT semiconductor located in 
Sunnyvale, California. Packaging and final testing are 
also subcontracted to other vendors located locally or 
overseas. 



WEAROUT 
FAILURE 




TIME 



1.2 Determination of the Failure Rate 

In the simplest form, the failure rate prediction at a 
given temperature can be predicted as follows. 

Failure rate= N/DH 

Where: 

N= number of failures 
D= number of devices 
H= number of hours tested 

assuming that semiconductors exhibit a log normal 
distribution. 



The equivalent device hours can be determined at 
temperature 12 can be expressed as: 

EDH (T2) = F (T1 , T2) x DH (T1) 
The failure rate at 12 can be expressed as: 



Failure rate (T2)= N/EDH (T2) 



Where: 



N= Number of failures 

EDH= Equivalent device hours 



Acceleration Factors 

The effects of temperature, voltage, time and other 
related functions are key when predicting life times of 
semiconductor devices. Understanding these effects 
with the use of a more accurate mathematical model, 
provides a better means of evaluating the change in 
reaction rate to changes in temperature. 



F(T1. T2)= exp (-Ea/k (1/T1- 1/T2)) 



Where: 



F= Acceleration factor 
T1= Test temperature (° C+273) 
T2= Desired temperature C C+273) 
k= Boltzman's constant (8.63 E-5eV / K) 
Ea= Thermal activation energy (eV) 



o 

LU 




FAILURE RATE 
C.L =Confidence Level 
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1.3 Activation Energies for Primary Failure 
Mechanisms 



Failure Mechanism 


Ea 


Contamination 


1-1.4 eV 


Silicon Defects 


0.5 eV 


Polarization 


1 eV 


Oxide Breakdown 


0.3 eV 


Aluminum Migration 


0.5 eV 


Trapping 


1 eV 



1.4 



Definition and common test methods 



Accelerated operating life stress 

Accelerated operating life stressing is performed to 
accelerate failure mechanisms, which are thermally 
activated, through the application of extreme tem- 
perature and dynamic biasing conditions. The typical 
temperature and voltage conditions used in the stress 
are 125 ""Cwith a bias level at the maximum data sheet 
specifications. 

85 *^C/ 85 % R.H. 

85 ''C/ 85 % R.H. is an environmental stress per- 
formed at a temperature of 85 °C and relative humidity 
of 85%. The test is designed to measure the moisture 
resistance of encapsulated devices. 

Electrostatic discharge testing 

Electrostatic discharge testing is performed to deter- 
mine the handling sensitivity of a semiconductor 
device. 

CMOS latch-up test 

CMOS latch-up test is performed to determine the 
sensitivity of a device input to overshoot and under- 
shoot signals connected to device inputs. 



TIME 
(HRS) 

100 
1000 

10K 
1000 

100 
10 

1 




1 4eV/ 



0.8eV 



0.4eV 



7) 
m 

> 
w 



2 2 1 1 1 1 7 5 T(C) 
5 07 5 2 5 
5 5 
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Commercial and Industrial Product Flows 



Engineering Study 



I 



Engineering Design 



Schematics Entry 



Logic Simulation 



T 



Layout Design 



I 



Engineering Layout Clieck 



I 



GDSII Tape Out 



IVIasl^Shop 



I 



Mask Inspection 



T 



Wafer Incoming Inspection 



Wafer Storage 



Lead Frame Inspection 



Lead Frame Storage 

— r~ 
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Wafer Fabrication 



Wafer Probe 



I 



Wafer Saw & Dice 






High MagnificationVisual 




Die Bank 



3/ 



Die Attacli 



T 



Wire Bonding 



Low IVIagnification Visual 



I 



IVIold and cure 



I 



Visual Inspection 



N 
X 

4 
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Preburn-in Electrical Test 








1 






Burn-in 








1 

1 


Electrical Test 



I 



External Visual Inspection 
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Design and Layout Flow 



TARGET 
SPECIFICATION 



CIRCUIT 
DESIGN 



SCHEMATICS 
ENTRY 



H-SPICE 
SIMULATION 



SAL 
SIMULATION 



OPTIMIZATION 



LAYOUT 




^— 1 



DRC 



ERC 



I 





CORRECTIONS 












GDSII 
TAPEOUT 





I 



MASK 
CHECK 
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TEMPERATURE CYCLE FLOW 
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PRODUCT 
TYPE 



DATE 
CODES 



SELECTED 
UNITS (105) 



TEST 



BAKE 125° C 
98HRS 



BAKE 125° C 
192 HRS 



ACCEPT 



BAKE 125° C 
500 HRS 



QUALIFICATION 
COMPLETE 



DOCUMENTATION 
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85/85 BIAS CYCLE FLOW 



PRODUCT 
TYPE 



DATE 
CODES 



SELECTED 
UNITS (105) 



BAKE 250° C 
98 HPS 



PULL-POINTS 
TEST 



BAKE 250" e 
192 HPS 



PULL-POINTS 
TEST 



ACCEPT 



BAKE 250° C 
500 HPS 



PULL-POINTS 
TEST 



QUALIFICATION 
COMPLETE 



DOCUMENTATION 
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□ HIGH TEMPERATURE 

§ OPERATING LIFE 

-J 

UJ 

□ 2.0 EARLY FAILURE RATE SUMMARY 
< 

Q 2.1 Early Failure rate Determination 

High temperature operating life testing for as log as 96 hours, is used to estimate device early failure rate. Using 
our standard failure rate assumption, the early failure rate period extends through the first 2000 hours of device 
operation. Afterwards, the device reliability is characterized by the long term failure rate. 



Test: High Temperature Operating Life Test (HTOL) 

Conditions: Dynamic Operating Conditions, Vcc = 5.25 Volts, 150 C or 125 * C, 

Frequency = 2 MHz. 

Duration: Eariy Failure Rate samples are tested between 48 and 96 hours HTOL 

at 150 C or 96 hours at 125 C. 

Failure: A failure is any device that fails to meet data sheet electrical require- 
ments following the HTOL test. Failure analysis is performed on every 
failure to identify the specific mechanism and determine a conrective 
action. Conrective actionsare implemented and audited underthe total 
quality management system. 



2.2 Early Failure Rate Summary 



Technology 


No. of Devices Tested 


No. of Fails 


Failure mode 


Defects (PPM) 


ST16C450 


1000 





None 





ST16C550 


1500 


2 


Leakage 


1333 


ST16C452 


1500 


1 


Functional 


666 


ST16C552 


2000 





None 





ST16C554 


2000 


1 


Leakage 


500 


ST26C31 


1000 





None 





ST26C32 


1000 





None 
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3.0 LONG TERM FAILURE RATE SUMMARY S 



3.1 Long Term Failure Rate Determination 

A High temperature Operating Life test is used to estimate long term reliability. By operating the devices at 
accelerated temperature and voltage, hundreds of thousands of use hours can be compressed into thousands of 
test hours. The method used to estimate failure rates from stress data is summarized. 



Test: High Temperature Operating Life Test (HTOL) 

Conditions: Dynamic Operating Conditions, Vcc = 5.25 Volts, 1 50 C, Frequency 

= 2 MHz. 

Duration: Long temi Failure Rate is minimum 168 hours HTOL at 150 C 
periodically tested to 2000 hours. 

Reliability: Failure mechanisms common to semiconductor components are accel- 

erated by temperature and voltage. In calculating failure rates, though, 
only temperature acceleration is included. 



3.2 Long term Failure Rate Summary 



Technology 


No. of Devices Tested 


No. of Fails 


Failure mode 


Defects (PPM) 


ST16C450 


5000 


1 


Functional 


200 


ST16C550 


8000 


1 


Leakage 


125 


ST16C452 


7500 





None 





ST16C552 


5000 





None 





ST16C554 


7000 


1 


Functional 


143 


ST26C31 


1000 





None 





ST26C32 


1000 





None 
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□ 4.0 HIGH TEMPERATURE STEADY STATE LIFE TEST 



< 

a 



The High Temperature Steady State Life test is used to accelerated ionic coritamination problems. Static bias 
is used because a constant voltage gradient accelerated diffusion of ionic species. The method used to estimate 
failure rates from stress data is summarized. 



Technology 


No. of Devices Tested 


No. of Fails 


Failure mode 


Defects (PPM) 


ST16C450 


3000 


1 


Functional 


333 


ST16C550 


3000 





None 





ST16C452 


4500 


1 


Functional 


222 


ST16C552 


1000 





None 





ST16C554 


1000 





None 





ST26C31 


1000 





None 





ST26C32 


1000 





None 






5.0 PACKAGE STRESS TESTS 



Startech Semiconductor Reliability qualifies and continuously monitors the packaging reliability to ensure 
exceptional resistance to envirohrrtental stress. Package reliability stress testihg and failure rates are summa- 
rized. 



5.1 



Pressure Cooker Test 



Test: Pressure Cooker Test (PCT) 

Conditions: 15 PSIG, 120 C, No bias, 295 hours minimum time 

Purpose: The Pressure Cooker Test is a highly accelerated packaging stress test 
used to ensure environmental durability of epoxy packaged parts. 
Passivation cracks, ionic contamination and conrosion susceptibility are 
all accelerated by this stress. 

Failure: Any device which fails to meet all data sheet requirements is classified 
as a failure. 
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5.2 Pressure Cooker Summary 
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Technology 


No. of Devices Tested 


No. of Fails 


Failure mode 


Defects (PPM) 


ST16C450CP40 


6000 


1 


Functional 


200 


ST16C450CJ44 


5000 





None 





ST16C550CP40 


5000 





None 





ST16C550CJ44 


5000 


1 


Leakage 


200 


ST16C452CP68 


5000 


1 


Functional 


200 


ST16C552CP68 


5000 


1 


Functional 


200 


ST16C554CP68 


5000 





None 





ST26C31CP16 


1000 





None 





ST26C32CP16 


1000 





None 






5.2 Highly Accelerated Stress Test 

High Accelerated Stress Test (HAST) 



Test: 
Conditions: 

Purpose- 
Failure: 



18.6 PSIG, 125 * C. 85% RH, 5.5 Volts bias, minimum test time, 96 
hours. 

HAST is an accelerated biased humidity test that literature, and tests 
run at Startech, has shown provides an acceleration 10-15X over 85 
C/ 85% . This test provides the factory with rapid feedback regarding the 
quality of the epoxy package process. 

A failure is defined as a device which fails to pass the standard data 
sheet test program. 



8-15 



QUALITY / RELIABILITY 

QQ 
< 

UJ 

^ 5.4 Accelerated Stress Summary 



Technology 


No. of Devices Tested 


No. Of Fails 


Failure mode 


Defects (PPM) 


ST16C450CP40 


5000 





None 





ST16C450CJ44 


5000 





None 





ST16C550CP40 


5000 





None 





ST16C550CJ44 


5000 





None 





ST16C452CP68 


5000 





None 





ST16C552CP68 


5000 





None 





ST16C554CP68 


5000 





None 





ST26C31CP16 


1000 





None 





ST26C32CP16 


1000 





None 






5.5 Temperature Cycle Test 

Differences in thermal expansion coefficients are accentuated by cycling devices through temperature extremes. 
If the materials do not expand and contact equally, large stresses can develop. 



Test: 
Conditions: 

Purpose: 
Failure: 
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Temperature Cycle 

MIL-STD-883C, Method test stress mechanical integrity by exposing a 
device to alternating temperature extremes. Weakness and thermal 
expansion mismatches in die interconnections, die attach, and wire 
bonds are often detected with this acceleration test. 

100 cycles minimum, periodically tested to 1000 cycles 

Any device which fails to meet all data sheet requirements is classified 
as a failure. 



QUALITY / RELIABILITY 



5.6 Temperature Cycle Summary 



Technology 


No. of Devices Tested 


No. of Fails 


Failure mode 


Defects (PPM) 


o 1 1 0U40ULrr4U 


ouuu 


U 


None 


U 


ST16C450CJ44 


5000 





None 





ST16C550CP40 


5000 





None 





ST16C550CJ44 


5000 


2 


Leakage 


400 








Functional 




ST16C452CP68 


5000 





None 





ST16C552CP68 


5000 





None 





ST16C554CP68 


5000 





None 





ST26C31CP16 


1000 





None 





ST26C32CP16 


1000 





None 
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ESD AND 
LATCH-UP 
TEST 



< 
a 



6.0 Latch-up Sensitive 



Test: Latch-up Sensitivity 

Conditions: Cunrent Injection = 200mA Trigger, Hot Socket = Vcc 0-7 Volts, Vcc 

Oscillation at Vcc = 3.5-7.0 Volts at 1 MHz, Temperature = 150 C. 

Purpose: The latch-up test is designed to test resistance of the devices to extreme 

voltage and current excursions. Latch-up has historically been a 
problem associated with CMOS devices. 

Failure: Any device which fails the Latch-up test if Latch-up occurs at less than 
200mA of cunrent. 



6.1 Results: 

All products are tested for latch-up during qualification. 



Outputs: All outputs are tested using a hot socket technique where the full voltage 
is applied instantly, on a voltage ramp, where voltage is increased 
slowly. During the hot socket technique, a maximum of 400 mA was 
allowed in order to protect the outputs from overstress. 

Inputs: All inputs are tested using both the hot sockettechnique and the voltage 
ramp technique. 



6.2 Conclusion: 

Startech Semiconductor products are very resistant to latch-up. 
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7.0 Electrostatic Discharge (ESD) 



Test: 



Electrostatic Discharge 



Conditions: 



MIL-STD-883C, Method 3015 



Purpose: 



The ESD test established the sensitive of device to electrostatic 
discharge of the type than can occur during ordinary handling. 



Failure: 



A device fails the ESD stress test is any pin combination defined in 
nnethod 3015 of MIL-STD-883C is damaged after testing with a 2000 
Volts discharge. Data sheet electrical testing is performed to determine 
if a device has been damaged. 



7.1 Results: 

All Startech Semiconductor products are tested for resistance to ESD during qualification. All pins pass ESD 
testing at 2000 Volts. 

7.2 Conclusion: 

Startech Semiconductor products are not ESD sensitive per the definition of MIL-STD-883C. 
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ORDERING INFORMATION AND PART NUMBERING GUIDE — § 

m 



Prefix 

ST 
I 

Company ID 



Device 

XXCXXX 



Suffix 

XX 



Pin Count 

XX 



Option Code 

XX 



Part Number 



Temperature — 

Package 

Number of the packaged pins 



Options 



Temperature Range 

C Commercial 0** C To +70° C 

I Industrial -40° C To +85° C 

IVI Military -55° C To +125° C 



Package Type 



p 


Plastic Dip 


c 


Ceramic 


D 


Cerdip 


L 


Leadless Chip earner (LCC) 


J 


Plastic Leaded Chip Carrier (PLCC) 


F 


Flat Pack(SOIC) 


Q 


Quad Flat Pack 


G 


Pin Grid 


T 


Thin Shrink Small Outline Package (TSSOP) 
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PACKAGE MARKING INFORMATION 
(EXCEPT CLOCK SYNTHESIZERS AND TQFP PACKAGES) 



UJ 

Q 
O 



Prefix 

ST 



Device 

XXCXXX 



Suffix 

XX 



Custom Marking 

XXX 



Company ID 

Part Number ___) 

Operating Temperature Range - — ' 

Package Type 

Custom Packaged/Bonded 

DATE CODE AND OPTIONS MARKING 



Revision ' 

Year 

Week 

Custom (Special parts only) 



"ST16C452" DATE CODE AND OPTIONS MARKING 



X 9X XX - XXX 



X XX 9X XX 



Revision 

Product type 

Year 

Week 
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PACKAGE MARKING INFORMATION 
(CLOCK SYNTHESIZERS) 



Prefix Device 

ST XX C XXX 

I 

Company ID 

Part Number 



DATE CODE AND OPTIONS MARKING 

X 9X XX - XX 

REVISION J 

YEAR ' 

WEEK 1 

OPTION CODES 1 



48-TQFP PACKAGE MARKING INFORMATION 



Prefix Device 

ST XX C XXX 

I 

Company ID 

Part Number 



DATE CODE AND OPTIONS MARKING 

XX X 9X XX 

Operating 1 

Temperature Range 

Package 1 

Revision ' 

Year ' 

Week- 



PACKAGING INFORMATION 



D1 



n n n 



8.DIPPACKACK 



u u u u 



E1 



1/" 



DIMENSIONS 


T<XERANCE 




(Mil) 


A 


0.200 dbO.OlO 


Al 


0.015 


A2 


0.130d0.005 


D 


0.3<S±0.00S 


Dl 


0.300 


E 


0.310 ±0.010 


El 


0.2SOid0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 



D1 



n n 



n n 



u u 



u u 



-A 



1 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.130 ±0.005 


D 


0.750 ±0.005 


Dl 


0.600 


E 


0.310 ±0.010 


El 


0.250 ±0.005 


L 


0.125 ±0.020 


e 

b 


0.100 
0.17 ±0.02 
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D1 



ri n 



n n 



ETO 



OIPPACKAOE 



u u 



E1 



DIMENSIONS 


T(X.ERANCE 




(Mil) 


A 


0.200^:0.010 


Al 


0.015 


A2 


0.130db0.00S 


D 


0.730 ±0.005 


Dl 


0.700 


E 


0.310 rtO.OlO 


EI 


0.250 ±0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 



n n 



D1 



20-DIPPACKACaE 



E1 



u u 



±. 1/ 



DIMENSIONS 


TOmANCE 




(Nfil) 


A 


0.200 dbO.OlO 


Al 


0.015 


A2 


0.130 db0.005 


D 


1.020 ±0.005 


Dl 


0.900 


E 


0.310 ±0.010 


El 


0.250 ±0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 
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D1 



n n 



n n 



28-DIPPACKA0E 



u u 



El 



1/^ 



" ^ 1^. T I 



DIMENSIONS 


TCX.ERANCE 




(Mfl) 


A 


o.aoo:fa0.oio 


A.I 


o.ois 


A2 


O.lSOdbO.OOS 


D 


1.4SO:tO.OOS 


Dl 


1.300 


E 


0.610 ±0.010 


El 


0.S50 ±0.005 


L 


0. 125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 



Dl 



n n 



n n 



40-DlPPAaCA(K 



E1 



u u 



rT 



DIMENSIONS 


TOLERANCE 




(MU) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.150 ±0.005 


D 


2.050 ±0.005 


Dl 


1.900 


E 


0.610 ±0.010 


El 


0.550 ±0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 



10-5 
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) 



8-SOICPACKACHE 



y y H H 



E1 




DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.061 :tO.0O4 


Al 


0.004-0.010 


A2 


0.054 ±0.002 


D 


0.193 ±0.002 


Dl 


0.150 


E 


0.236 ±0.008 


El 


0.154 ±0.002 


L 


0.020 ±0.020 


e 


0.050 


b 


0.17 ±0.02 



Dl 



) 



14- SOICPACKAOE 




TOLERANCE 

(MiD 
0.061 ±0.004 
0.004 - 0.010 
0.054 ±0.002 
0340 ±0.002 

0300 
0.236 ±0.008 
0.154 ±0.002 
0.020 ±0.020 

0.050 
0.17 ±0.02 
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D1 



) 



16-SCXCPACKAaE 



mB EH 




DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.061 :M).0O4 


Al 


0.004 - 0.010 


A2 


0.0S4 ±0.002 


D 


O39O:fcO.0Q2 


Dl 


0350 


E 


0.336 i^.008 


El 


0.1S4 ±0.002 


L 


0.020 ^0.020 


e 


0.050 


b 


0.17 ±0.02 



D1 



REE m 



) 



20- SOIC PACKAGE 



E1 



ETH 




DIMENSIONS 


TC».ERANCE 




(MiD 


A 


0.101 ±0.010 


Al 


0.006-0.008 


A2 


0.092 ±0.005 


D 


0304 ±0.005 


Dl 


0.450 


E 


0.406 ±0.010 


El 


0^189 ±0.005 


L 


0.020 ±0.020 


e 


0.050 


b 


0.17 ±0.02 
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D1 



RRR HH 



) 



28- SOIC PACKAGE 




DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.101 :M).010 


Al 


0.006-0.008 


A2 


0.092 ±0.005 


D 


0.704 ±0.005 


Dl 


0.650 


E 


0.406 ±0.010 


El 


0.289 ±0.005 


L 


0.020 ±0.020 


e 


0.050 


b 


0.17 ±0.02 
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o 



28-PLCC PACKAGE 



u u u mir 



E1 



o 
z 
o 

o 
c 

o 
m 



1/ 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


1.20 


Al 


O.OS - 0.10 


A2 


1.0 ±0J 


D 


9.0 ±0.25 


Dl 


7.0*0.10 


E 


9.00*0.25 


El 


7.0 ±0.10 


L 


0.6 ±0.15 


e 


0.5 


b 


0.22+0.05 



D1 



1 44 

n n nn n 



o 



44-PLOCPACKACaE 



u u u cm 



17 



El 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


1.20 


Al 


0.05 • 0.10 


A2 


1.0 ±0i 


D 


9.0 ±0.25 


Dl 


7.0 ±0.10 


E 


9.00 ±0.25 


El 


7.0 ±0.10 


L 


0.6 ±0.15 


e 




b 


0.22+0.05 
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9 

o 

o 
z 

o 



o 

2 



D1 

1 68 

n n n n ci_ 




u u u urar 



1? 



El 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


1.20 


AI 


O.OS • 0.10 


A2 


1.0 ±0 J 


D 


9.0±0JZ5 


Dl 


7.0 ±0.10 


E 


9.00±0.2S 


El 


7.0*0.10 


L 


0.6 ±0.15 


e 


0.5 


b 


0.22+0.05 
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D1 



HRH HH 



1 a: 

q: 
□I 

□I 
□I 



48-TQFPPACKA(ffi 



FEB m 



1/ 



E1 



i 

Z 

CD 

O 

C- 

a 
m 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


1.20 


Al 


0.05-0.10 


A2 


1.0 ±03 


D 


9.0±0J5 


Dl 


7.0 ±0.10 


E 


9.00±0JZ5 


El 


7.0 ±0.10 


L 


0.6 ±0.15 
0.5 


e 
b 


0.22+0.05 



D1 




E1 



12" 

I£ 



1 :r cj T_n_nj ltlt in _^ 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


2.26 ±0.13 


Al 


0.23 ±0.07 


A2 


2.03 ±0.06 


D 


14.1 ±0.20 


Dl 


10 ±0.10 


E 


14.1 ±0.20 


El 


10 ±0.10 


L 


0.88 ±0.15 


c 


0.65 


b 


030 ±0.08 
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D3 



a: 



100. QFP PACKAGE 



WET 

1/ 



ZD 
ID 



E3 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


3.04i:0.30 


Al 


0.30-0.03 


A2 


2.71 10.16 


D 


23.20 i«.2S 


D3 


18.85 


E 


17.20*0.25 


E3 


12.35 


L 


0.65-0.95 


e 


0.65 


b 


0.22-0.38 
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REPRESENTATIVES 



REPRESENTATIVES 




North American Representatives 



Alabama 


Georgia 


NOVUS GROUP 


NOVUS GROUP 


TEL (205) 534-0044 


TEL (404) 263-0320 


FAX (205) 534-01 86 


FAX (404) 263-8946 


Arizona 


Illinois 


SUNTECH SALES 


MICRO SALES INC. 


TEL (602)860-8262 


*T*(— '1 /*TAA\ />Air <l AAA 

TEL (708) 285-1 000 


FAX (602) 860-9730 


K\f /TAO\ AOC •< AAO 

FAX (708) 285-1 008 


California 


Maryland 


PRO ASSOCIATES 


AVTEK 


TEL (408) 24o-5o00 


TEL (410) / 40-01 00 


FAX (408) 244-7939 


CAV /AAfy^ TAn 

FAX (410)740-5103 


IKICIKIITN/ OAI CO 

INrlNI 1 T oALbo 


Massachusetts 


TEL (714) 833-0300 


r^V/K lARAI/^ OAI CO 

DYNAMIC SALES 


rAA (' i4) ooo-UoUo 


TCI /e-lTN OTO CA*7A 

1 tL {Ol 1) £.fZ-OOfO 




FAX (617)273-4856 


INFINITY SALES 




TEL (310)455-2566 


Michigan 




1 %H 1 e A OO/^^l A TCO 

J.M.J & ASSOCIATES 


INFINITY SALES 


TCI OOC OOOT 

TEL (616) 285-8887 


TEL (619)535-9300 


FAX (616)285-7633 


FAX (619)550-3707 






Minnesota 


Colorado 


Bill mKK^^ 

MURNCO 


SPECTRUM MARKETING 


TCI /C-IOX QUA A'td't 

TEL (612) o54-41d1 


1 JUVm \0\J0) 'rOU-«7«7«7 1 




FAX (303)455-5303 






New Jersey 


Connecticut 


ERA Inc. 


DYNAMIC SALES 


TEL (516)543-0510 


TEL (203)693-0451 


FAX (516)543-0758 


Florida 


New York 


SEC 


ERA Inc. 


TEL (407) 830-8444 


TEL (516)543-0510 


FAX (407)830-8684 


FAX (516)543-0758 


SEC 


North Carolina 


TEL (305)783-6900 


NOVUS GROUP 


FAX (305)782-7274 


TEL (704) 846-4055 




FAX (704) 846-4044 
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<, North American Representatives 



z 

LU 
CO 
LU 

q: 

Q. 

LU 

a: 



Oregon Wisconsin 

ADAPT ELECTRONICS MICRO SALES INC. 

TEL (503)297-2151 TEL (414)786-1403 

FAX (503)297-2042 FAX (414)786-1813 



Pennsylvania 

TECH SALES 

TEL (215)784-0170 

FAX (215)784-9201 

Texas 

ARRAYTECH SALES 
TEL (214)392-1199 
FAX (214)392-1399 

ARRAYTECH SALES 
TEL (512)335-4105 
FAX (512)335-8128 

ARRAYTECH SALES 
TEL (713)861-5009 
FAX (713)861-0402 

Vermont 

DYNAMIC SALES 
TEL (802) 476-4223 

Virginia 
AVTEK 

TEL (410)740-5100 
FAX (410)740-5103 

Washington 
ADAPT ELECTRONICS 
TEL (509) 327-4838 
FAX (509)327-2030 

ADAPT ELECTRONICS 
TEL (206)820-6216 
FAX (206)820-6216 

West Virginia 

AVTEK 

TEL (410)740-5100 
FAX (410)740-5103 



NORTH AMERICAN DISTRIBUTORS 

LCD ELECTRONICS. INC. 
TEL (214) 245-0600 
FAX (214) 245-0342 

TEL (512) 388-0900 
FAX (512) 280-6583 

TEL (800) 245-0342 

PARTS ONE 

TEL (800)247-0867 

FAX (612)633-2310 

NU HORIZON 
TEL (201) 882-8300 
FAX (201) 882-8398 

TEL (203) 265-0162 
FAX (203) 261-6657 

TEL (205) 722-9330 
FAX (205) 722-9348 

TEL (216) 349-2008 
FAX (216) 249-2080 

TEL (305) 735-2555 
FAX (305) 735-2880 

TEL (404) 416-8666 
FAX (404) 416-9060 

TEL (407) 831-8008 
FAX (407) 831-8862 

TEL (410) 995-6330 
FAX (410) 995-6332 
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International Representatives 



TEL (516) 226-6000 
FAX (516) 226-6140 

TEL (609) 231-0900 
FAX (609) 231-9510 

TEL (617) 246-4442 
FAX (617) 246-4462 

TEL (716)292-0777 
FAX (716) 292-0750 



Australia 

LOGIC 4 AUSTRALASIA 
TEL (61)8-373-2811 
FAX (61) 8-373-2286 

LOGIC 4 AUSTRALASIA 
TEL (61) 3-887-3800 
FAX (61)3-887-3811 

Austria 

BACHER ELECTRONICS 
TEL (43) 1-81-602-000 
FAX (43)1-81-602-201 

Belgium 

TME ELECTRONICS 
TEL (32)3-325-1910 
FAX (32)3-326-0510 

Canada 

INTELATECH. INC. 
TEL (905) 629-0082 
FAX (905)629-1795 

INTELATECH, INC. 
TEL (403)230-3190 
FAX (403)230-3183 

INTELATECH. INC. 
TEL (613)599-7330 
FAX (613)599-7329 

INTELATECH, INC. 
TEL (604) 689-7299 
FAX (604) 689-9433 

Denmark 

PRESCOM A/S 

TEL (45)4218-9800 

FAX (45)4218-9811 
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International Representatives 



England 

BRITCOMP SALES LTD (BSL) 
TEL (44)372-377779 
FAX (44)372-376848 

2001 ELECTRONIC COMPONENTS 
TEL (44)438-742001 
FAX (44)438-742002 

France 
3D 

TEL (33) 1-6447-2929 
FAX (33) 1-6447-0084 

Hong Kong 

TEKTRON ELECTRONICS 
TEL (852)388-0629 
FAX (852)780-5871 

Gemiany 

EUROCOMP ELEKTRONIK Gmbh 
TEL (49)6031-61076 
FAX (49)6031-61788 

DISCOMP ELEKTRONIK Gmbh 
TEL (49)2722-7157 
FAX (49)2722-7150 

HY-LINE COMPUTER COMPONENTS Gmbh 
TEL (49)89-614-9010 
FAX (49)89-614-0960 

KAMAKA ELEKTRONIK Gmbh 
TEL (49)7275-8600 
FAX (49)7275-8675 

India 

DIGIPRO MKTG. PVT. LTD. 
TEL (91) 80-52-72659 
FAX (91)80-55-93088 



Italy 

KEVIN 

TEL 

FAX 

Japan 

ISi 

TEL 

FAX 



(39) 2-4870-6300 
(39) 2-4870-6500 



(81) 3-3264-3301 
(81)3-3264-3419 



Korea 

I & C MICROSYSTEMS Co. 
TEL (82)2-577-9131 
FAX (82)2-577-9130 

Malaysia 
MICROTRONICS 
TEL (65)748-1835 
FAX (65) 743-3065 

Netherlands 

AVE ELECTRONICS 
TEL (31)78-138288 
FAX (31) 78-140390 

Singapore 

SERIAL SYSTEMS MKTG. 
TEL (65)280-0200 
FAX (65) 286-6723 

Sweden 

BEXAB TECHNOLOGY 
TEL (46)8-630-8810 
FAX (46)8-732-7058 

Taiwan 

JATRON ELECTRONICS. INC. 
TEL (886)2-3070152 
FAX (886)2-3055629 



Israel 

STAR-TRONICS LTD. 
TEL (972) 3-696-0148 
FAX (972) 3-696-0255 
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